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The latter part of the decade of the ,' 70a was characterizad 
by Some important technoLoglcal and business developments with 
potential for significant intact on the school mathematics curriculum 
at all levels* On the Cechnol6gLcal front, advanced calcurating 
devices, in the form of hand-hild progriiirinable calculators, •were 
developed apd manufaccurid with capabilities that blurred the 
distinction between what is a calculator and what is a computer^ 
As a result, calculations and prob lem--solvJ.ng tasks previously 
relegated to computers, because they were too tirK--cOnsuinlng or 
complex to perform, became po&sible for sttidents of all ability 
levels to handle. On the business front, the cost of these 
programmaHle calculacors decreased rapidly as production increased. 
By the end of the decade one could purchase a fully progransnable 
hand-held calculator for as little as 9^0. Because of the low 
cose, portability, and increasing availability of these machines, 
some educators began to consider the possible impact that program- 
mable calculators might have on the teaching of mathematics^ Such 
considerations served as the irftpetus for the preparation of this 
monograph.^ ^ 



Wm 



In the wlnte^r of 1978, a review of available literature on 
„the programmable^ calculator revealed relatively few contributions 
discussing the rote of the progr^mable calculator in sehodl 
mathematics:. In the spring of 1979, proposals'^were being 
sol lei ted' for sessions by the program coiranlttee for the April 
1980 annual meeting of the National Council of Teachers of Mdthe- _ 
macics CO be "^held in Seattle, Washington* A proposal waa presented 
■pointing out^ Ghe dearth of infottation available on the role of 
?^rograafflaable calculators in s^^hool mathematics, suggestirjg the 
1t!_ paten ttal ippact tHeae machines |might have on theleurriculum, and 
requesting that a special sesslqn be held at thi annual niefeting = 
^twhe re interested ^persons could share Ideas* The program committee," 
luchaired by^Rlchar^ Lodhola of itWe Parkway School District In ^ 
Chester field, Missouri, accepted the suggestfion and conmiictee 
hinienter James Rt^^llo of Bucks; Coimty Comunity College in : . 
?'Hawtqw?i, Pennsylvania invited this writer to organise and ^ 1. 

^^Hbdarace aueh a ses^oxi^ . ! ; ' ; . .y-^^^W-.-, 

:i: % The session ha4 several unique' features and the National Couniclli' 
"of Teaches of to should be applauded for its willingness to- 

foffeir ; an eKperlmental Isession at' an annual meeting* The session, \' 
0u:;itled:-"The Program^abla CalcuJ.ator--A Tool for the 1980s," was 
vspec.if designed/ as a symposium for persons intere^sted in sharing^ 

Lideas on the role of programmable hand^held calculators in school t 
^a:thematics ^ The fo^at of the session prdvidid for opening remarks^, 
lby:?\the moderator and^^leve talks by_ presenters , with aUft=l'l 

?Miit. one-half hour /devoted to ques tions , answers ^ and dlscusiion- 
(si&wthe audience^ ■ j — 





- V While aomti possibly iJonCributors wertJ contnccod by che modefacorV 
J^f^ Lt Is of interest Cti ntiCig chac the descripcion of che seegion in the 

•; program booklet ini'UuKui an Invltrttlon to persons wishing to contribute 
;:U to aend copies of pruposijd talks to thts tfiodaracori Actual contribifco rs 
¥-M- were than selected by a review process and savyral of those ultimately' 
^: L chosen were persons who responded to che program booklet invitation . . ' 

Whap contributors were notified that their proposed talk^ had 
l;-^r been selected for presentacion, chey were advised that the results^ 

j-of ch^ symposium might be published as a collection of papers « Hence, 
f V a condicion of participation was the individual's willingness to 

- si^mit a formal paper so that the. ideas shared at the symposium might 
v^. Tbe more widely disse^ninated at some future dace. After the symposiun, 
" a proposal with first drafcs of papers was sent to ERXC/S^ffiAC at "Hie 
r.^ Ohio State University In order that the collection might be 

considured for publication. Following a review process, a favorable 
% decision was made in che fall of 1980 to publish this monograph.- 



in addition to the papers^ presented at the symposium, this 
monograph includes two other contrlhut Ions solicited by the editor 
.to enhance the uHefulness of this work to educators^ Professor 
Gerald R. Rising, a well-known and respected mathematics educator 
at the State University of New York a^ =Buf falo^ who has done 
-ejctensLve work with programmable calculators^ was invited to prepare 
axt introductofy article for, the monograph giving a setting for the 
potent iai curriculum applications of the progranmable caleulStor. 
Alsoj .^ts. Jill Coup, a librarian at George MAson University , was 
invited to help che^ editor prspare a classified and partially 
annotated bibliography of references on prrgrammable calculators. - 
^^^;5^[npQSiiM participants are grateful to Professor, Rising andn Ms. 
^1' Coup for acceptirig the invitations and providing their respective 
pii fine" contributions* 

■ . ^ — - ' ^ _ - ' ^^'i 

-: ^' In the preparation of> any manuscript for publication there are 
^^^'^^^Iways many parsons Whose assistance is invaluable. Clearly, this 

monograph would' not have been possible without: the cooperation 
fe-" and fine work of the symposium contributors and the support of 
others already mentioned. But there remain three persons who 
deserve special mention. -To Professor Marilyn Suydam, Associate — ^ 
ly ri^.Mre c to r for Matheraa'ttcs Education at^ the; ERIC Clearinghouse for . 
gM^J^S^claTic^, Mathematics and Environmental Educationi and one of our 
fejfiprof ession' s true leaders, many thanks for her valuable^ support and 
^^feffasistance in the preparation yf this monograph* To my. good friend" 
y^tfhd frequent collaborator. Professor Stephen L. Snover of the 
^^"^^nlversity of Harttord, many thanks for his help in all phases of 

^hts projects Every editor needs a colleague like Steve to call upon 
^^'-tjip^^ unexpected and las t^ifiinute -crises^ And, finally, my thanks , ' 
l^^ilppreciationi and love to my wife Laur le whose understanding knows - 
[imilmit. At times when she deserved more of my attention^ she " , jr r 
f^tillngly sacrificed so that I might be involved in this proTect^--l'^ /"^ 

'^"'^■'^ v> Dr, >ferlt A. Spikell 

Department of Education " : 
bf ■ ^ .George Mason University ^^.s^^i] 

. ^ Fairfax, VA 22030 '-^l^^c^ 





FOREWORD 



y j opening remarks at the prosrammabl^g caleula .or .symposium in 
S^tcla^ I chcjsi to set the' stage for the contributors by providing 
my answer to che question, "In light of the microcomputer, does the 
programable calculator hLive a plaice in the school mathematics 
program?" The question needed addressing because. by 1980 some 
educators were suigesting thac prograi^able calculators would have 
little or no impact on the curriculum. These educators seemed to' 
believe that the dramacic technological and business developments' In 
the manufacture ot microcoropucers — ^increasing machine capabilities 
and rapidly decreasing costs— would .enable schooTs to^ have these 
devices in large numbers* Consequently, there would be little need 
for or ad Vf ^ ^age in havini prograi lable calculators available for 
students to use as" tools in the study of mathematics. The.chln^ing 
seemed to be* why have the Iflnited problem-solving. capability ot 
prDgrammable calculators when the virtually unlimited potentinl of 
the microcompucer was available and at reasonable- costs. / » 



, Few would dispuce the potential impact ^that microcomputers may 
have! on the school curriculum. But any suggestion thac "programmable 
^calciilators have little to contribute i^ most short-sighted* Even 
kas aicrocompu^ers proliferate and become more widely available in 
schools, programmable calculators have a great deal to offer* 
tnstructionally, these calculators are effective devices for doing 
mucK^ot : what can be done by microcomputers. Consider the following 
"Mst bf -instructional applications for which microcomputers might be 



used. 



Uhlle xhe list is not exhaustive, it does cover some of the 
obvious applications, ^ - 



I 
1 

12 



T^i^stEic 
be: used 



CO provide drill and practice experiences 

to serve as an independent study tool 

to perform problem^SQlving tasks 

to develop programming skills ^- ' _ - 

permit simulations 
CO conduct testing _ 

to perform computer-^managed instructional activities 
CO dp data analysis . ^ 

to function as, an information recrieva,! deyice 
to provide word processin^^pabilicies 
to offer computer literacy information 
' to explore gaming experiences 



biany of the twelve instructional appltcations cited are not 
ted to microcomputers *o PrograimnableVcalwlators can readily 
for at. least eight of the_ twelve; They are: 



CO .prQvlde"~drill and practice eKperiences 
cb serve as an independent study copl 
to perform problem-'Solving tasks 
to develop programming skills : 
: to permit s Imula t iohs 



6, to do daca analyaia 

. ?• CO provide compute literacy Informatioff 
8^ Co explore gaming sttuat ions 



What's morg, prograimnable calculacors offer some advancage-^ over 
microcompuCers. The ealciilacors are so inpxpensive that virtually 
every scudent could be suppj ted with one* A classroom set of 
prugramafelas-^enoi^h, say^ for each student in n class of 30^ 
cost's no more than perhaps two or three microcomputers. Also, the 
prograOTable calculator has the superb feature of portabilitv! As 
a hand^held device' it can ^e easily carried wherever the user need.-^ 
or wants to use ic. Fihariy, since' the calculators are (usually) 
.baccery'^perated, jhey can be conveniently used even in places 
where access to^^ectrical outlets is riot available. 

- In safflmary, the view I shared in opening the symposium was 
that programmable calculators do have a role to play in the school 
matheniacics curriculum. The presentations at the symposium 
suppoTced chis view and th,e collected papers of the contributors 
provide ample evidence of the many ways programmable calculators 
can be used in Che study and ceaching of mathematics. 

In concTuding this foreword, I provide for Interested readers 
a_»^«rlef surmnary of the central ideas shared by each author 'in the 
artl^es presented in this monograph, = . T 

Rising in his lead article addresses the question of whether 
or not the programmable calculator will b& of onl^- passina interestf^^ 
. in Che mathematics curriculum. He seeks to place the prog r^able 
;c^eulatQr in the historical, political, and sociological context 
of >^plemencary devices and teaching, frechhiques. Then he -elates 
some his own fKperiences tea efitng with progranmable calculators^ 
to sugg^c that they are: here Co sCw but require appropriate 
9^^rlculuflv^deyei^pm^ efforts to ma^mize their instructional 
value, 




Krist prkse 



^les chat programmable 
Xhe gives 'specif ic 



encs several pedagogical 
calculators pla^x in, educational ; tfet tings, 
^.examples appropriate "for the high school curidculum *^hat .firovide^^^ 
ginsights into the iHteractlon of students, calculators, and ^-^'^ ^- 
Fjp^thematics- Her exa^E^les include an open-ended discovery activity 
irfln logarithms; an eKploration of a problem to find how many perfect 
aquaces there are.vamong \^e numbers K| , X^,.X,, (where for 



leach n 1,2,3, 




, An ^ yns+ /} , and an interesting exercis'e to 



lOQO 



Muser discusses an instructional unit with fourth- and fifth- 

^OGUses on learning morfe about problem solving..:. -S^ 
ictlvitles in ^hlch children actually used ; " 
)rs to cQiint (by 2s , 3s squares , etc .); to J; 
various incegers (consecutive lategers, consecurr: ; j,; 
, consecutive odd integers, etc. ); and, finally^ 
requiring partial sums of the .triangular numbe^iT 



HubeT prtjdentd, by esamplu, a philosophical is^^ue relnted to 
Che Trse~f~ pK%TintiiTal5 Te ~Tiil cni I at it3ff|;r.Tpprt^prt?iro^ -f or nrfrnnc^d ^hi gh— - 
school EiCudeiits, 1 1 4.*gt> "Htudi-nt^, and teai^herH. lie d^riven a ^ 
focmulLi for the ratio the perim&t^r to the diamerer iif a regulnf 
"inscribed polygon, shows that the f insula is uiis table tor ciimputing 
devices, md then modifies the fprmula to obtain a stable -ilgorithrri. 



Hnover's article describes a standard aliiebra II assi^nnient, 
CO ptot the graph of y - a*(x + p) ^ + q, ancL shows ht?w tht? usu oi 
prugranantib 1 fcf caUmlator enables students to advani'e beyund the 
Simple graphing ot a function to b© able to lynsp important , , - 
generalisations-, {{o tocuses on the effects of varTing the para- 
mecers a, p^ q on" the- graph and gives an interesting game called 
'*Cat apLLl t" CO reinforce the ideas preRented, 



■ ' Johnson provides in her article an example from trigonometry, 

af an .ipnroacfi '^ol%ftng a problem that Is impracDical Cbecau^e of 
Che difriculty of, calculat Ions) without the use of caleulating 
^ ... devices. She considers the problem of finding the third side and _ . 
remain in an.^les .>t a'iriangle given two sides and the angle 
opposi te one of them. Using the Law of Cosines ratHef than the 
r.^ Xaw ot Sint^s, she proceeds to sliow how to find the unknowits avoiding, 
the ambi^ui ty » which arises when theTe are two valiies of afcsin x 
- (as po^ssible angles of the triangle) for 0<X<i , 



p^j;:^.... -- .Battista presents for eni ichment a simulatian game called — 

L-1j:-"^^^*^^^^^^f ' " ^hi'^^^ can be used with" high school students. In the : 
p'»5-'article he suggests several questions, act ivi t ies , .and mathematical - 
^ extensions which students might explore. l1\ese include discHsslng 
g ideas universal to programming such as flow charts , "loops * condl- 
p ^"tional tescs, and ^branching^ asking students how they would calculate-' 
S^^y-Che^disCance between the Ghostshlp and a missile shot if chey knew ^1 
-^^^ Ehe polar coordinate^ of both pointsi chal-lenging \s tudents to develop 
^Zfa program to allow a second ealculatQr to destroy the Chos tship ; and 
ii^Kploring the game u^tng rectangular rather than polar coordinates, 

r*' ■ -■ ■ - ^ ' 

' "HaggerCy iLlustrates the use of programmable calculators to run?; 
^> simulated experiments* He prisents a probability' experiment appVc^ ' 
^*f?prlate ior hi.ghi school students* I'n&luded in the article are i / # 
^ffprogram and several interesting '^quest ions about the experiment to - 
^^.yse 'in the classroom^ - . 

^ J, _ Mohler notes that programmable calculators can be quite useful.^ 
j^'^in the anathema t Ics^ classroom as a vehicle for stimulating independent 
^Btudy* ? He illustrates his point by presenting a ^Iscussioti of . . % f 

^ehagorean xriples. .Flow charts and programming suggestions are 
l^reiented for seve ral' problems given. ^ . = • ^ 

Weaver suggests a specific use of the programmaile calculator 
"5:a~funrc Ion' machine; to sHow how one can direct attention to the^^^ r t 
^^lying nature of mathematics ^ focu^ upon signlficaht ma t he-ma C r^'^c^fi^ ' 
g^cMeas , and exemp li f y an impo mant type of I earning and -ins t wc^c^^PlS, .tfl^ 
" LttiMratres his p.Mnt^':b"-y^^^^^^^ four problem contexts appTO^^rl.^^^^ 




i 



Ss;f or students in many school and tearher-preparatlon settings. In 
an iind note, renders are invited to write for programs for a vnrtety 
of machines. ' 



3 ' Maor, in the context of discussing highlights from the , ■ . 

I,- history of ir , glveii different ways of computing tr, including the 
p methods of Archimedes^ VLete, Wnllis, Gregory, and Euler.. He 
Includes wo -programs and the article should he of intere.st to 
upper-*grade high school students, college acudencs of mathomntics, 
i ~ and teachers. 

'i . / . ^ ' 

\ Elich describee a ona^quarter-credit programmable calculator 

J"' techniques course with twel^^class nee tings given at Utah State 
.% . University. The course Is oTfered in tiro sections, one for 
i". algebraic chlculators and the o^hcr far RPN calculators. The 

syllabus for earh section is presented nnd twelve s^imple problems 
™ from the exercise sets are gi\'en. 

,j Coup presents a bibliography of 145 programmable calculator 

""iresources including books, articles^ ERIC documents, and disserta^ 
tions. Sh6 lists che books and classifies the remaining references ^ 
into seven categories i Bibliographies, Eleraentary School , ^ Secondary 

School ^^^o^i4^ge ^nd Pos tgr^dyate , natfes , Other -Oses^-and^Genera.i 

_ ^fiy'^of the citation.s are annotated for the reader's benefit, ^ 

, Mark A. Spikell 

|]^ _ ; , Editor; ' ^ -r, 
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1* fflateials and ihdse "'that.^fglle 






/f^gM and^Biisuig', * As J^ust 'otie %xampl( 
v^^Ialj^^hat tufii^dj^Mny away frogi*thes<a matirlals'^' 
p^ealc^^^^SiS^NCM^naCional meeting '"annc^uncing^ eh^^?^° 

^|^rafiaoj^|in, I'fc produced^ by FI woujra^fl^SflhWa^'l^ji^ 

dentsl^pul^dsrsoon t'egul?irly achieve CQlJ^ege graduat^offraCr age^Jfift 



tudents , 

<Lor^f our teen; 



The. predictable- reaction, set inland Pl.retrek^t^,^ 
^tK^^"Vo reroom and then tO r. thef inj^iier a tor , ' ' 

^oo^b^ad^;^ of those wKo react e^djmo^tj St i:0^glY^^^^ 

^^illj^nde e d, le D, out t he bab y wll h-?ch^iis fia'^tj^a ta©^'""^" ^^^^ — _ ^ 
^^^ptdiciously could (andi:tQO>rJarp^J^^^^ 
For.Texaniple ,4^ it -could PXoyUBljteffi 
t^ent^^i absent for -a^ pro t ra e tB dkp^egto^ ^^ p^p^ 
I^C^ySoepattment it is juse'd^'^-ip^fcg^^^i^^^toi 






therl-subj ects as well^ but aJSulualCinatftf^otl^^ 



nonnfatoKeraa t i ci%'n^ 



. .y^Mfia€aus e a ma t h is; b e en"^ b: 
tei^ &QXmBlamj% ~ r o c e s ub J e c t^^^egiehtl^Mi^ 
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ctrdn 



thay^ll be ' around , It. f eems fGan'f^.:tril|$HI 



^'^"^-^-^^^ ^ - ^feHeKpJEixicipal -orders ;30r/e41dulatQri ':co' ' 




_ IK^^Clg^^^^^. prices 
e extra0i^dinaryr JepEK^ Q ' this 1 as t eTfif 
fi d t: e ch no 1 o g 1 c a 1 > d e ve 1 5 p me n t . P r o g r ammabl'SI 
e (most notably the Tl-57) with pric%| 
ffer calculation power roughly equival 
r $500,000 just 25 years ago, I f - my df tKare« 
only adjast .the dateVif: I f ali s^ortj^^^^^ 
facto^r of '10,000, 'and' t ha t\i the face; ogi '"' 
}on|G£ /other* prides, Who says that th^ space ri 
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chap ters of ;twelf tli-grafle'v 

and We^t Seneca Esit Senlar^Hlgl; 
The students^swere ^aachfleSueifJM^i 

logic^^nd^having 50 program steps, - l^^m^ 



Do gaii thmp^i^erera tu 



mrniel 25 s ci e n 1 1 f 1 1 v p r6 gt 
j^tOjCi^models are almost 

grpde^ cext^^cor^tent^^as'ibasedr on the; New? Yojgg^^g 

Sfeli^al -fowepla^ilaSl^^^^^^^^ e t^del 

^, __ _udiadf^asxa function -rathar^shan«gdmp^ 

^mp&ncciQna'l^^ analy f if v^i^ IHi ^| s tudrnglMg^p 

cb^bours gT wasvCaugh t ^^ithou fc^Iugf j^fMthttbaE^^S 
tKatDncant^ofi! thafr^part^of^the couriaawa^lnQCj^ 

:lnji1 rQ£^^^^ppa'd_3 
s a ^ b^sS^^^^^^Sfflfifl 



^j^pe^XI^ Error "a^^ 



n^f^tha i,a ^classes ' ware randomly ~choaan?^£rom^^glu^^ 



lamwei^aMatudents* who 4l^d ^completed / the traditionaMnin: 



EKLC 




ERIC 



write; 



I ;'4771 
* 6021 



;8451 



error 



pj;?(R9int^.two sEudentsj made the -following^ comments: '*Thls 1x04 
^^-jeal thing—It's rWded-^3 should h4 -477121255, but even; 
-^nd^dl^i^'Thlg =±s. get ting urn nowhere, should IpAk^/or/^ 
tj^^ , " ^"'Wi th this ] the tea ehe r ligges ted tha t s tuden tri"<ma ^ 
|njeccures and look -for ralationshlpiwith^ 
|fc, the s tudents began to work . IndependentlyJ, maki^^ 
Det of conjectures: ' ' '/ -^^^^^^^'^ 



~1Q-^021'V 4^0004" 



[-^^ ra th^r'r s tar til ng mi t ial / co n 1 a c t u ra - was W Cfi^ 
e^expressed In each q£ the three classes- whate this 



^>:?30io 



hay.e the samei decimal (in the''jQg)Jrikd^^ 
seros ■ 



cont of thei 



so'l.w&rks for 1; 10 



1000 



3, 30, 300; - ; 



work like th4^5ar^^^;;^;"^tV^^^^^^^ -^^^^ 

l£!jipjr0%tween 2s. and 5s. I . , \ . /2| ' 

' /e'46che/ ntnnber of) ^ zeros in ^r ^ 

jpj.:* - - V. . ...... 



r|:2f|S"c©nas the 5s serlei .2 — >^^.,6990, so , t' ^ 



MS, 



3010 
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^^^teer'^before (the log) Is like the exponent in^c^^ 
ffte notation. Another student added, "That*s 0:K-,'#,bu 
o'S^f or, negatives— it's one less than the number of,digi 



.^fjaiscussion stopped and the teacher made the^^o 
I IcS^ide r bh e-f oil owning : tab le I 




..30^0 + AVI - .7782 almosttj; 
.3010 + .6021 = .9d30.- 
ixactly: .'4771 > .4771 '= .9542 



f ollowing ' ea^ 
i^hou^^ -gj^l their calculators.^ . 




n- thisl table?' 
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sa^lmade che fallowing entries: 

tlV i] ! log p 




halfway between 10 and 12i ^ 
3 and 4, or 2 and 6„^„_^^^^^^ 
halfway between 12 and 

2 and 7 

3 and 5 ' ^ ^ 
2 and a or 4 and ^{^''^W^S^ 
halfway between Ifi^ and#i"8"r£ 
2 and>9 or '-^i^'Ml^:^^ 

3i and 6 — ^^f^u^ft 

hal!fway between ^18^ ana.^2(|^|| 
10 -mndi 2 or ^ 
. 4; ana ^5 




ilj&'ABked cheUa'tudentg to check the loge by using the Icfa^ 
iyif*^^Che.^new#tabra( contained aiscrepancies '^wlthitheft'bMlp 




^^ffetflt^s'tudeT^talT^Wike^^^^^ bases "27" 3 T 2 ^1 -Aff i^^fi., 
a^do^com^ t<i t49n^~^wdt h>JLoge but _ caih er - cq nm ±d(ttBd^lo^f^sm^!M&C 




Lecc 



^^ri.sddj^ESr»mi^:h' dramatic significance. First i,^2rt?/sho^p 
^,%lfs^^e!p^';ta^^^ are exciting: . These stul^tt'^^p 

tl%tmbOtt^their work. They seemed to be working'"Qnf«''^^'"" 

t Dry.. They enjoyed the clues given by their caicuXatong^*^ - 
M^^„"Jiist^!tail us how it works.*' It would seem thatf thfy^,^"^ 
th^Jti^ch^ T would have spoiled their game if| sKef|ii'4p^^^^^ 
^g^ftMiijiit^i^Jall their conjectures as they arose, --^Tiji 



rj^baed'^thi-^lmportant properties, about logs and'^wjiysj/the' 
)bW*tliiins elves They even discovered a f ew ='ratKer''^6iBs'ei 

log n I + I log -giJ ^-„i^CaiVn'«ii0f 

ii5 



■stra dement 'thaEr;:10 ^ 

□f :;#j^^Cheg.aubsequent proofs and felassworkj 




n was genSraliged . Co ^b^rs 



Setojfdly-,. ^theTckleuletor; wai a 'device that^ provided ^^If 
thW*:activity^ jnd'help.ed^the students fiut ^their-^wn^ ^j-deaa 
^i,ft|^^4^to£i|^ge;. in 
latbVs. The calculators provided a setting' and' tH^yfw^ifl 




^^r^^^^he'r -^iKampi e of the peda'go 
^^^'t^^^a'^b ring^t o/^u r • cl ass ro om 



work ,of' students solving' probleffls^w^j^ca 
gical language aspect 6hat' 
oms*" In tthis 'ex^pleStlt'iJ^^^St 



^r-^l'^^ffife^ tfn* integral part of the aV t iv I ty ' oV*'ev€n "fife 
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BMcht rd example can ' b al anca th e dverwhe Iming" p6s i cl^fi:;^= ^ 
first. twq^ examples and ^proclaim! that the calcufiftpS 



lase 



^Oftal answer ^rCqisur problems^ 



^^tMSeJ students veifQ Just begini^Lng their work wltl 



i/^&^^prasentad with the following eKereis a 
^'^mpecaturep ' C 




ttes'^tfwo cb?iversibn formulis for Cai;si^'^anHt'i:''l^n:^^ 



ay^mxpftrmenting when f^^^ .C^re Cni 
aa£;npmE^r o ybl e^-? do ingfffa,^.:cn,ro u gh 

itiitfiiffis^did try/,a few specific valuesMBF'^'li 
gL^S||^,ere^,erraciCf/iind ,- their results weret-not organizedll 
W6^„#tuMnt^-saTdy ''If F<32 then^CT^is^negative^'-'^he^^^ 
^6&M&~MiWtWlE^-i^d€brka3ed T - C decreased, -^buti^he '^reject'ed^ 



fco'uld- be identical arid negatH.ye^>*!^Onl^^hree 
taf^^Che^'prablem ^Q.n ttieir owM? . ~ ^ . ^ 




Is^ can;*WhaCiwe4needitQv conslaeri^ 
^low thlf f-ttiJhBpMn';^m:d|jEB rec*"' ^^^^.u 





r e cogi^^£t hV tf j 
sample 
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TKe Bain go,al of out Inetructionar unit... was tOgleam more about; 
ffl^probl'M solvingj partlcularlj how co apply tacWniques of progtatnmlng ' 
g|rMe^^iolve -prDbleti which would not be within , re a^:h of a typical , 
l&=.mathematics proiram at chis leyel* A second goaL was to help the 
'felfliUldten see Chat certain p rob lei^ had various solution types anrf , 
ftthat somecim^ a programmed solutioA might be -'best:^" wheTeas an * 
^;iJinalghtJul maEhematlcal soluclon might be ''beBtV- ather times ^ Ttie = 
^^^to^l lowing discussion provides a gLimpse into the studence V accom^ 
U^pUishments during our seven-week session^- ' 

After beroming, famiHar with many of the keys of the calculator, 
^we cbnat^ctad our first program^ (Our calculators tised Reverse; ^ 
i^^J^cilish Hdtatlonj which is a great convenience and posed no dif f icul tyf^^ 
nt© the children.) We programmed the- calculator 6© count by Is as" . . i 
2Sfpllows-: . ..... 

■ The number 1 was entered in Storage Register 5; > - / | 




^owing program was entered s 



. Th^\follj 
S^ep \ ^ Operation 



01 
02 
03 



-\ 



RCIT 0 This step r^ca^s a 1 from' Regis tey^^(^g|g|s| 



This adds, the 1 to whatiever w_e_ hay#i*L;^te£fe 



f PA^SE 



This make^ the^-calculatof pause ^b^^lit^is^Pl^ 
. i e CO nd s o ' we can s ee , the numb er . ; I-. ' ~ f^i^ 



04 



GtO 01 



This sends us back" to Stepf 01. 




S||tl_the children pressed tKeir Ruh/Stop koys, they were thrilled to 
IbB^clieir- cajcujator count* . It was easy ^or them to get the - ^ J 
ftgulator to count by 2s or 3s or' any other digit by simply changing ^^"^^M 
'^'^''^ ^^tjReglster 0 to 2 or 3, etcv - : -'r . , 

^^^piir next step was to try to^ count ^ using the odd numbers . - Once-^^T^^ 
IgTtudeats pbserved that each odd ^number was one less than an evenly; 
^g^^l^^they wrote the following program. ' ^ ^ 





Afcer Che studancs hnd run tht^program successfully, I listed the 
"following two programs on tha board and asked chem to determine the 
QfUtput for each program. 



Store the nujiiber 1 
Register 0^. 



in 



Store the. number 2 in 
Register 0. 



01 


RCL 0 


- b. 


01 


1 


02 


2 




02 


f PAUSE 


03 


X ' \ 




03 


RCL 0 


04 


1 




04 


+ 


05 






05 


GTO 02. 




f PAUSE 








07 


1 - 








08 


RCL 0 








09 


+ 








10 


STd 0 








11 


OTO 01 









-^To obtain the, outputs^ the students pretended that they were the 

calculator^ Each tn turn , eKecu ted one step of progrm just as the 
^'calculacor would* For example,^ for the pMgran.^on the; left .abovep? 
];ihey.WQuld say 'U * 2, 1 k 2, 1, 1 k 2 - 1, ^ausej 1,1, 2^4tore;in Ov 
^ to X, etcv" 'Td their amaEemeiits^t^e oucyuts of tall thr^^e programs 
^'were identical. This gave uS an opportunity to observe that prog^rams" ?f 
L( and problems^ can have different soiutiohe and that many time's it Is 
worthwhile . to try ' to; write p rograim more s toply and , perhaps ^ "with^^ - 7:^^ 
ffewe'rv steps ^After counting by v th«: odd ntrters ^ they wrote a prbg^^^ 
^Jt^- .count by the -^squares ; i.e, , 1, 4, 9, etc- . " / ' .i^^ft 



%, Our^ calculators had an easy.. method'^ to accumu^te nuniers' as we^&^ 
rCiaUnted them; namely, the command ."STO + V would 'store' the nun4jer.::>fe 
'"Sirrently displayed by^ adding, it to register 1."- I as^ed the studenfi^^J 
;to7 write a program which would ^ccmnt .by" odd numbers "(173\5 ,7,9 , jj^y|in^H 
add them as it went aloni (1 1^3, 1+^5, After a" considerable 

Jamount of workj we "arrived at ..a program that produced the desired s'umsS^s 
^^fterV several of the. Sums were displayed i Orv© Student exclaimed^ "Htey^V^J 
^th is program is giving us all the square niOTbers," Upon further 
^examinat ion the s tudent .could actually see Why the luns of cbhsecudj^ri^^ 
^dd nun^ers beginning wltlr 1 always produced square numbers by - " ~ 
.considering tfte following arrays i * * ' 



^'ea^'uga penGll nnd pappr, ahd/;the rest wanted to Wrlta n program* 
Bafoje the end' of our period, all of the calculator students had 

i write en rand run their program and none of the paper-and-pencil _ 
group had ,coma close to the .corract answer. - . 



At our .next meeting I askdd the students how th^y would add 
\che nuEfl^er^- 1 to 1000. They all aaid^ **By using a progranmcible " 
calculator.'* Then t .muied, 'How long wilt It take if we have on^: 
I f P AUS E . in o u p r o gt am? " S in^e an fP AVS E 1 as t g abo u t one. s e co rid", ' 
f 'their reply was 4 "About 1000 seconds. Since we did not uavd time" 
^fto run such a pr©gramp I showed them how, Gauss was supposed to have 
irdone ^che 1 to 100 problem i ; , ^ ' 



1 

100 



2 
99 



99 + 
99 + 



100 

- 1' 



101 + 101 + 



+ 101 + 101 



- therefore, two 1 + 2 + — - + 99 + 100 equals 100 x lOl, 
so 1 + 2 + ^ ^ + 99 4 100 - ^ J-^^ ^ sJoSO, . " 



feAfter they had calculated 1 +'2-+,^*v + 1000 in a similar fa'iihion 
tusing their calculators, fQr the multiplication and division* we 
Idiscussed how problenis^ Involving calculatiQns .could be done in- ^ 
f^e^veral waysr mentally * using papeF and pencil, using a calculator, 
lusdjig .a programmable calculator p of any combination of these with 
Ipmathematical 'reasoning'V^ ^^a^ Gauss did* . ^ ' . ^ 



te!:lolvei 



Since Christmas was near ing, I presented'' the following problems.^- , fci 



.'•l^he Christmas' trees .below 4re composed of ornaments and are to 
"SappeaV on greeting, cards (i^e* j 2-^d4mensJLonal) * - 




-200- ornaments in 
the last row ^ 



200 ornaments in 
the last row 



199 ornaments in 
the last row 



I , ' / limnediacely led =cp finding the appropriate square (lOO^, In this ' 
- 1"^ CiL^e) as ^B had done , earlier * AftCr problem C had be^^ iolvidl^ 
■^1 I aaked the scudants if they could see any connection among tha 
1^ three problems^ kttmt a few hints they observed that tha number 
I of ornaments on tree B together with the nifln^r of ornaments on 
1 ' tree C total the number on tree Thus, if probleins A and C 

were solved firsts the solution to problem B could be obtained 
I using si^tractlon. 

: :]■ " ^ - ■ ^ ■ • - ^ 

Il* Now imagine the t^o l^dimens lonal trees made from spherical 

I - ornaments. Tree D has 1 ornament on the top layer, 3 on the 

\ second. 6 on the: third<j 10 on the fourthi etc. (these are the 

^ triangular, numbers) down to the bottom layer which is an^ ^ 

i equilateral trlanile; with 100 ornaments on each side. Tree E 

vt has the same conf iguiratiori.eHifeiept the layers are represented f^: 

p by the square numbers .(1,4,9 ,116, . . . .lOP^)^ Hqw^ many ornaments^ J 

•-7 ' rv:: are required to make these trees? ^ J ^ .^ -'^^ 



r 



One student recognised the numbers in each layer as the; 3: 
partial sums leading up to Gauss- problem^ HaVlng sucfcessfully 
written a program tb find "Gauss" st^, it was an easy- Step to 
write a program fo;q tre"'e Di \ ' " ^ . - _ ^ 



. 01 
i 02 
1 03 
I 04 

J06 
07 

!o8 

llO 

! 

11 



RCL 0 
1 

+■ v • 
STO 0 ■ 
fPAUSE 



STO 
RCL 



+ i 
1 



STO + 2 
RCL 2 j 
fPAySE ^ 

GTO 01 



^is counts by 1 . - 

and stores the numbets in ^ " ;^ 
Register 0, and ; ^ = J- 

pauses to show the; number of the layer ^ 



This adds consecutive nunteri to. Regiatte 
f oTOing -^auss" sl™ and recalls these s^^ 




Th is a dds s uc ces s i ve " Gaus s " s urns and payki^^ 
to display them* ^ r\!/^ 



The answer to this^ problem is 171,700, ^e solution to the Treilj 
E problem can be found in a sdmllar manner* 

i®:; These final problems Iniplving' Christmas trees were exbremely^jp^ 
^^niihelping th^ LChildren to the role of a -progr ammab 1 e cal culi^^ 
tool in I the V problenH'Sp Iving process * Where^^the;; problems involvxj^^ 

y.^and C werfe^ mos t-.eas ily solve d /using ma th^atl 
' I j!MfethQd)|. and patterns (the sums bf consecutive 0(y¥f^i>5ri|.;„^~^~ 
^^^garfesqua re numbers) ^ the: only techniques; a va iI^S3Mj^ CP^g|g ^ 
tlfKi?f our th an d ; f i f th p r ob 1 ems wire \p ro g rams for the^cSficulaW^^ 
^^F^t^^^^^i'^^^^^f^S^^.^J^^^i were jjeyond^ the realmi'oft^V 
gint«Mc^3n\^W fairly routinely by 'some^Mf tlg^^M 




This unit I taught fifth- and aixth-grada students would also 
' ba 'at^propiflate for students in grades 8 and up, . (I agi ^ing *% L 

tp integrate it into a class for elementary teachers I teach,) 
-Judging from tha eKcitementf which catne out of this work with ^ ' >^ 

, programniable calculators^ teachers who /can ineprporata teaching ^ 
...probleni solving via programmabfe calculators will hava an appre- -^J 
:ciativa audiaricej students ^ parents, and admiriistrato rs ^ alike, " 



1 




-z . ^' ' \ " ' " ^ " ^ \ ■. " . "^fiteii 

■■ !■ . SIMILIZING ARalI^EDES' M^ODWrHM >0R PI : \ t v 

. . . : ^ . = . John Huber / . ' ^"^ 

V . ' DepartmanC of MathamaCics - ^ 

. ■ .. Pan American Uriivarsity . r 
' Edinburgh, TeKas 78539 

."v^^ Uelni the face chac the circumference of a circla lies between ^ 
_ the perimeter ©f any regular inscribed polygon and that of any - i 

M regular circumearibed Irolygon, Archimedes was able to ehow that w - - ^ 
f lies between .223/71 and 22/7* ^e purpose of this paper is to derive i 
j^i the usual recursive formula for the ratio of the perimeter to the/ ; 

diamte^ of a regular inscribed polyidfi, show that fhls formula is 
I unstmble for computing devices, and modify the formula to a stable - 
i^? algordithm. ' ' ' ' 

.:-i3ii! „ . i . ■ ' 8 . , . ■; =i ,. 

I. = Let S^ deriote the length of side of a regu^at polygon of n 
\ sd,des inscribed in a circle of - radius r^ and let e2n denote the ' 
^^^length of the side of the regular polygon of 2n sides formed by 4 

bisecting the arc containing consecutive vertices of the original 
^p^igular Inscribed polygon ©f n sides* ' ' ^ 
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Than done ide ring a regular hexafgon inscribad' in a circle of 
5adlus 1, (lO) beconteai ; 



(11) 



™ -^he^^fr ^6 ^ ^ parimaceff/dlametfer - - f Using a programmable 
|,: J calculacor, we have the results in Tabie I, XSee Appendtsr for ' 
# J5 progCMS, ) Clearly the r^tio does not converge to ir.* 

-n - s 



Knowing that lim 
conveifge on the calculatirl 



why does the algorithm npt 
The lack of convergeiice _le caused 



. by chfe large relative e^or^ In the d±f ferenc^H2 - / - s 2 , SCnce^^ - 1 
i/S""^^^|~ls clbie to 2 ^see Table ^11) , the roUndiitg error along with :Tif^| 
WKthe closeness df 2 and - dauses a large relative #rror in-^ SI 

- in an unstable ^aliorithm { Con te^ and de Boor" - -^^^ 



/ To scmblliie Si^--al^^ we must remove ^ the difference 

'iii:^ J ^ * -a ^ ^® aacompllfhed by ratlpnalizifig tfie iriimeraS^^ 

Cffider tWe ^dicai Itf O ^ ^^^-^-^ 



resulting In 




(2/-y 4 - si ) 



2n - 




f2 + - sg ) 
(2.+ y4 - ) 



(13) 



inatlngf the /difference results in a^staMe^gorithm chitt 
(^erges to tt.^ Usliig a progrMmable calcidatbrV we have^ffitf 
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NuH^er* of Sides 



Length of Side 



Perimecer/Dlaraecer 



Q 






J ;l ^OOOOOQOOOO 


3-000000000 




. 12 






/O. 5176380902 


3.105828541 




. ''.'y 24 ■ 






I 0.2610523844 . 


3.132638613 




f-'t- ' ■^ 48 






: ''0.1308062585 


3.13935020? 










0/0654381654 


. 3.141031951 




^-y^ 192 






0,0327234633 


3.141452473 




Jr.:..... . 384 






^ Q.^9163622792 


3.141557615 




768 






0.0081812081 


'\ 3.141583911 




J. i':i536 






0,00409,06127 


3.141590529 




3072 . 






0,0020453076 


3.141592407 




J: 6144 






0.0010226544 


3.1415952^ 




mv il2288 






0.0005113277 


3.141597288 




24575" 




:■ ; J 


0.00025566B8 


3.141621319 




^lr'^'98304-' ' 






0.0001278348 


^ 3.141693413 








. 0 ■ 0000639218 


3.141885657 




^TO9'660ai 






- 0.0000319687 


3.142654499 


3 39^3216 ^ 






0.0000160000 


3.145728000 




gfei786^32;.; 






0.01dO0O80623 


3,17020 8743 










0.0ho0O4123i 


3.242542203 ^ 










0,0d[b0022361 


3.51703082J' 










o.oobooi4i42 : 


' 4.448731201 
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TABLE III 



r Number of Sides 



Length of iide 



Perlmater/Dtametar 





6 . 


^ 1;0000000000 


3.000000000 




12 


Q ^ 517D3SQyO^ 


3#10582S541 




24 * ' 


0.2610523855 


3.132628613 




48 


0,1308062585 


' 3.13935©203 




c - - 








. 192 


0.0327324633 


3.141452472 




384 


0*0163i2i792 


3.141557608 




768 


0.0081812081 


3i?141583892 




1536 


0.0040906126 


3.141590463 




3072 


0,0020433074 


.. 3.141592106 




- 6144 


0.0010226538 


3.141592517 




12288 


0.0005113269 f 


3.141592619 




24576 


0,0002556635 


'3.141592645 




49152 


0*0001278317 


3.141592651 




98304' 


0% 0000639159 


3.141S92653 




19660S 


0.0000319579 


3,141592653 , 




393216 


0.0000159790 


3.141592654 




786432 


0.0000079895 


- J. 141592654 




1572864 \ . 


0.0000039947 . 


. J. 141592654 




3145728 


' 0.0000019974 


: 3.141592654 




6291456 ' 


0.0000009987 


3.141592654 
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APPENDIX 



PROGRAMS FOR GENERATING n, s , and 

; n 



using -2n=^ 



^ J. 

?!p -■- 



m 58' and 5"9 



, LRN 

00 2nd CP 

01 STO 

02 01^ 



04 
05 
06 
07 



STO 

02 
R/S 
„2 



08 RCL 

09 02 

4 



IP 
II 
12 

13 - 



+ 

2 



-21^ 



02 

2 



22 2nd 
^3 Prd 



01 



,&25^^-Ra 
mie 01 - 
^Ja7 R/S 

i28 ' RCL 



^ _^ 

HP 33E . 




e 


00 


f Clear Prgm 


01 


f FIX 9 


02 


STO 1 


03 


R/S 


04 


STO 2 


05= 


R/S 


06 




07 


RCL 2 . 


08 


CHS 


Of 


ENTER 


10 


4 ..... 


11 


+ '-='^ " 


12 


f 


13 


ENTER 


. 14 


CHS , . 






16 


■"".+. 


17 


STO 2 ' 


18 


2 


19 


STOxl ^- 


20 


RCL 1 


21 


R/S 


22 


RCL 2 


23 


f ^ 


24 


E/S 


25 


ENTER 


26 


RCL 1 


27 




28 


ENTER 


29 


2 


30 




31 


.R/S 


32. 


GTO 07 




RUN 1 




g RTN ■ - 





ERIC 



'26 

-Appendix (aoncinued) 



Mill 



^l ^; ; PROGRAMS FOR GEN-ERATINC n, s^, and using ^^^^Ya + ^{^7 




HP 33E 






00 


f Clear Prgm 


01 


^ / FIX 9 


02 


STO 1 


03 


R/S 


_ 04 


STO 2 


05 


R/S 


06 


g 


07 


RCt 2 


08 


' CHS 


09 


ENTER 


10 


4 \ . 


11 




12 




13 


ENTER 


14 


2 ■ 


15 


+ 


16 




^"17 


ENTER H 


18 


RCL 2 


: 19 




20 


STO 2 _ 


^21 


■ " 2 ■ ■ " 


22 


- ST0k1> . 


23 


RCL 1 


24 


R/S 


25 


. RCL 2 ■ 


^26 


fVlf ^ . . 


11 


R/S 


' 28: 


ENrfeR" 


29 


RCL 1 


30 




31 


ENTE?. ^ ' 


32 


2 


33 




34 


R/S ' 1 


35 


GTO 07 ^ ; ^ . 
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DESIGNINC M^GEBRA EXPERIMENTS FOR THE' PRDGR^tABLE CALCUIATOR 



Scepheu L. Snover 
Mathematics Department 
Univereitv of , Hart ford . 
West Hartford* Connecticut 06117 



- '- '^ ' f ■ * " . " . ■ 

t As the proiranBnable calculator (and computer) are -so adept at 

^-progranffiiing routine galculaciona accurately and quickly, teachers 
ir^stould be taking advantage of their worthwhile features in the high 
jif^chool classroom. Not on^y do these calculators eKtend the ability to 
b^Wve mathematical problems; they also bring students more Quickly to V 
j^f ihie frontier of discoverable mathematics. This article describes an ^^^^ 
^ijgebra aKperiment which will Remonstrate the power of the program- - 
|^»:toable calculator as a functions-evaluating machine* ' - 

^ ^t^dard algebra II assignment is to plot the graph of 
^^liS^-CK^ process. With a > . 

gprpgrammable calculator, thouih, the formula - (x-3)2 +. 4Ms easily 
^ffmemorized** and its^values are quickly and accurately calculatod, 
p^ereby ^allowing students to -efficiently plot tlie graph of y - 
^ (x^3) + 4. Specifically, ^teachers might have students group in 
Plpl±rs-to do this graphing* One student might input the valuer ^ 
^fee 0,1,2,: ^ ^ * , 10' Into /the ealculatop and read .of f . the- corresponding 
putput values of y - = 5,0,3,^4.3,0, -45, while a second student'^ 

p^.ts the IndicatEd points (0,^5), (1,0) (2,3) etc. on graph 
a^er,3„Wlch the increased speed- and accuracy of such graphing, 
' |i^i|tf^ill be able to advance more easily beyond the simple ' " '^ 
g#ibing^f>a function and igra"^ important generaliMtlShs: - 



^^>The rest of clils article illustrates going beyond sample graph- 
^tag^ by showing how students can develop an understanding of the 




.,.S^ 

tifects of the parameters a, p, and q on the graph of y ^ a-(x + p) +-q*-^^ 
j^ce^ SKe: progrannnable calculator can memorig^e a* (x + p) 2 + q j ust as - " 

y as - (x^^ 3)^^+ 4, students can choose their own values fpr . 4^^^^^ 
Jtand plot the corresponding graph, and discover' for themselves "^^I^ 
effects of their choices of parameters* The appendix at the end W3 
:his=.artlcle shows in detail, how to program the Texas Instruments " — 

fand Hewlett Packard HP 33E to evaluate a- (x + p)^ + 

"14=^' ■ - 



^egphers can dlrect= students' experimentation a bit by asking 
^p tf^nd a, p, and q so that the graph (i) goes through the ■ 
'g:n-jO,3Q), and (ii) goes through both the origin and some other 
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fepfjr This -^arameter-chaoeing arid graphing ■exp^erlence can be built' Iticd'^^iS 

- an iateresctng game called "Cacapult*** Iraailne a catapult located ^g^SH^^;^^ 
&" Che origin and an enemy located aC the poinC (IQ^ SI - . :Tha objafct^o j^ :^JJ 
K J Che game rs to launch a a cone. froM the* catapult at- (0,0) and' haArar it?r^^g 
^ip ^±t: tha ^nemy at (10^5). Apaume chac the atone will follow the ^ ^ 



Ct:raJeetQry) g&aph "of y = a' (k - p ) ^ +,q. 

r ^o play che gabe ^ s tuiftnta wll 1 need to gueaa a* 
ckerf unction y - a-Cx + p)^ + q for k-^ 0, 1, 2^ 
" '"see" tKe ''flight" of the af^ne. Does the ateno get 



p, and q, RrapF^f^ 
10 arid thetebyti^j 
1 aunched . ?■ 
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Testj If D^4, go t6 label , ^ 
A. If ndt, go to^"+ 
ilnde the double plus is - 
illaial, calculntor display^- 
"flasheB, ^ ^ 

'Hecall number oi times 
through pro^nam. If it ie — ~ 
greater than' or aqual to 
go to end at label B.- Other- 
wise^ display D , ; aecep t new 
guess ^ and start over at ' 
location 023. 



Label B, end. ^ Dividing by 
zero is illegal and results 
in flashing 9s ^ :i 





USING THl PROGRA^^^ABLE aLCULATOR FOR SmJLATlON^-A 
PROBABILITY EXFERMNT ^ 

pave Haggerty - : 
Monroe High School . 
Moncoej Oregon 97456 



^ = . The programmabl© calculaCor can be used in many different ways . 

jj 1 in the elagsroom^ Dne wa^ is for aimulation^ The calculator, can bg- t 
progrannaed to run simulated ©xperlmenCS that would be cumbersome or i; 
.iWi: time-consuming^ For eKOTiplef "it-can be programned to roli 1^ 2^ 3, 
'1,^ sr more dice, total thenij count the^nun^er of times a particular 
i- ' outcome is rolled j and stop after a specified nunfeer of rolls, ^ - ■ '2 

■•r-:.r„ ■ ^ - ■r-, .. ■ : " _ . " -■ ^ :.- : ^- . ^ ' ■ zr: I.^l" 

, ii- ■ . ■ ■■■ .■ ■ " : ■ ■ .-. : 

We used the calculator co simulate the following p rob abtdlity u.^^^' 
'^xperimenCv We considered, a setup of three stacks of blseks; four-^ ^i^' 
:j^>blocks in the first stack, six: in the second, and eight cha third .Jr^t 

We decided to ^have one of the stacks chosen at random and from that 
:,y-L-stapk one block: removed^ ^is process wms to, be repeated until QnB^x.^-c^^ 
the stacks was depletedj thus ending the experiraenC * . 



We prdgraianed the HP 331 calculator with the program.. presented ■ 
^t- the end of this article, and found cHa.t each experiment took about "^5- 
ft, 15-seconds.^^ By- press tog RGL 1,. RCl* i and RCL 3v we could "see and" 
^^£record how many blocks. were - taken from ea^ stack; Also by press irigibij 
te^"RCL 4 we obtained- the total number of blocks taken from all the _ ~f 
^Hsstacks. Once the data were recorded, the eKperimeht ^could be 

again by pressing R/S * ^ . :- ! ^ " , ^ ' . " \, j ~ 




■ When i/e did this In the classroomj each of the 10 studentsit^h'^^|g|^^ 
l^Zfthe experiment H40:vtiines^s recbrdad their data* and answered the \^ - - 
^^2?^ following questions/ {These are but some of the many related 'f- 
questions that could be asked ^ ' \ " . 



1* What was the . mean (average) number of . blocTcs taken on 
each run? ■ " . ' ' • .' v . 




What was the mean number^ of blocks taken from stack //I? 
...from sca^k;^? stack ^3? ^ ■ : 

How many _ times was stack Y/1 depleted before the other- 
stacks? ; ...stack J2? . . .stack J3? . * 




IS:- 
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Using your data, whaE la your e^ertmenCal probability that 
a total of 10 blocks will be taken before one of the stacka 
il depleted? . , 




l^^ . 5. What is your experimental probability that stack #1 will 
tj" ^ ^je depleted? ' 

EM: ^-a-. . : ■ ' . - ■ 

' Once the students completed this exerciae all of the data were 
g~=£P^P^led and claas answered similar questions for the entire 200 
l^J^^' The students then compared the It results against the totals, _ 
^;Using the progransnable calculator in this way, the elass-uas able ~ 
1^5? compile the composite remilta\ of -200^expe"riments in one class , 
^period, a task that would not have been pospible to do without 
C?^-P^^B^3^3^1-f calculator dr similar machine. Furthermore, the 
Z^^^experimonta were sufficient for us to obtain ej^ertkental " 
feEfi^^Mlitles that could. ^e trusted for prediction purposes. -i- 

:,Wlth the .program we wrote for the HP- 331, a whole range of - 
U^j probability experiments could be simulated. By Ihs^rting 
^ _Jf^«^nt -numbers _in steps -26, 31/ and 36 of .the 'accompanying 
1 program Csea Appendix) the numb in each of the three 

^stacks can be changed. You can eKperimenc if you like and see what 
gi^.effect these changes have on the outcome* 

gf-; The kinds of simulation experiments programmable caleulatbrs 
prfauf be progrOTmied to perform are endless. Moreover, because of 
^l^heir efficiency , simulations previousiy impossible t© do in a 
^tossrpom setting because cima' considerations become very 
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IfflJEPENDENT STODY WITH A PROGRAM'^^ffLE ^CULATOR 

/' ' ^ . Lee Nobler 

Bepartntent of tochemaclcg 
■ Unive rs i cy o f Al ab atna i r\, B i ml ngh^m 
, . Birmingham, Alabama 35294 " * " 



Elecrronlc cQmputtng dfeViges have not yet made significant 
^ Itrroa^s into the high school mathematics^ curriculum^ although there 
^:-Ms beginning to be w.idespraad agriemeht that they' should. It 

clear chat computers are "revolutionizing scientific practice (along 
-^Spii^ juJi^t about/ everything elee) ! thus^ if the- schools.^nre to 
■ ^~^%hlB tlqail y**^ p re p a re ^ m tu dent a ^for thetechnological w&r 1 d o f the 

3s v_ they must come /cb gr^ps wic^^^ Thfs 
'^c&^per ptesentB .a lampla for . using progtanmiable calculators in' 

_ independent^ St utiy. ■ ^ ^ ^ ^ . - ^ / / 



. / / 



™^terial is an excerpt. /from Ffathematieal / x 

fecrefations; for tth& Programmable i^Calculator ^fMohler Hoffman,/ / 
Ml)>. ^ collection of programming pw>lai^ designed to teach the' - 
^and^d techniques of programming* ' Iha/p rob J.ema prea^ttted here ' 
KQjMi;.theuise of nested loopSy a technique totroduced to students 
previous ' chap te r of the book^ . The student^ is to read the 
Ifrat^ments, the problems and attempt^ co solve them before l^oking-^'if. 
fiddle solutions i^-^ The splutions'theMielves are quite complete^ but^if 
gpioc Include J program ;11 stings^ ^he/idea is to encourage^ t4e .[i^fc 
Judent to do as much as possible be^re looking at the sol^tiidnv ^ S 

all that. isT- .^ 

=',neeHad about V nested 1 iKercises are^ after all, the heart of ^Xr 

?{:;hfe^earnlngvproe The S^al ^f the book v&nd' the % 

fbblems ^Iven here is to pteseiit^pVograinfeing "exercises within a t 
-•3j^|ftclently Interest ing setting tliac%tuderits will be sti^mulated , 
^3r^want CO solve . them on their own* ^-^14 .y^ / n 

'gL^.It. is worth noting that this' particular eKcerpt contains a good ^ 
_^l;r^ ma theriat leal ilia tor^ Aside from its fntrinsife''interest\ 
~^fI^Ce|"isl^P^™o^f^ the idea, that mathematics is a creation of 
^^m^hei^gs and is yNeven ;now dew ,^ 
'3tosiit^y^ one day hope to make theli} own mark on /that history 



!l^^pr:6blems rppri 



p\s;. appe aring in the 



mplL^^, by , - Fc/r ex amp le , m^^ — mq + 1 



tore" the/ resu 



Bent memories i 



Th 



It in^ (the 



flowcharts f^V thfe solutions 
e arrow notation means roughiy^ 
means add 1/to the contentsj off 



cont|er\ts of niQ /remains unchanged)^":; 



- Recall the famoui Pychagorean theorem: If b,*^nd a are the 
le^ and hypDtenuae of a right triangle *(ee© FigurV 1), then a^ + b 
=^ c^* If bp and d are Cppsitive) whole nu^ers satisfying this 
equation^ then, a, b, c is called a Fy thago rean trtpjle ^ The skimpiest ^.^ 
^ eKsmple Is the triple 3, 4, 5. „^ou are probably already familiar 
£^w±th th#„ fact chat 32 + Pythagorean triples have fascinated 

--sathamaticians for millenia (see the Notes). There are lots of them 

^„infii^tely Mny to be precise=-but .'they are rather thinly scatterad* 
- The next interesting one after 3, 4, 5 Is 5, 12, 13 (5^ + VI2Z = ,25 +1;^ 
^144 - 169!^ 12^ A: ^ . ' '\ ■ ' - 





figure 



BrSbUm 1^ 



,Write a pLrogram- which searches put and. finds all v 

The program shouLd generate triples in some 




t^^hagbrean t^p les * . ^..^ ^ — o — t - ^ — , _ . _ 

Byitematic way,' screening for and/ output ting> only th%^ Pythagorean ^ rm 

If you have" solved Problem 1 aiid^run your program ^ you willy have. ^ 
^rnofeiced how slow it. is, that the 'larger the numbers in the / 
^triples g^pt, the longer it takes the calculator to find them. You , ^ 
can Imagine, theni.how^hard It would be for humans to find Pythagoreati 
-triples by^ the/ method of sear eh in;^^.* So a long time \ag0 certain ^JA_ 
^lever indivi^ials began looking for formulas which would generate- 
-^thagorean triples automatically . Here is a scheme attributed to^^^k 
"^yth'^agoxas -himself';^ .1 , ' " -^'fj^'^ "•'( .-. -42 



J[.,:Che Sum up to but not locluding the last term, and the last tarm by 
l^tself), thereby, ers^ting a Pythagorean triple- . 




JITfea neitt- sum for which this holds true worki is 1 + 3 + 5 H 

2a .+ 25: > ^ : . . . ; 

2 ... ^ ^- 

m^^:''l^ ^169 ^1 + 3 + 5+ -- 



+ 21 



1-^:,-+ (25) ^ 144 4- 25 - 12^ + 5^, 



11 t 23 +25'- (1 + 3 + 5 + '-^#/?l + 23) 



|-yielding the Pythagorean triple 5, 12, 13 

^^jr Xt becomes clear that any odd perfect "square . -m". elcs^at the ^nd ^ 
^f- a sum of consacutlva odd ftQ^ + + Cm^ , 2) + m^l ^ 

fcw:ni spare you the detalla whlW shbw chat 1 + 3-+-5 % + (m^ - 2) 
1^ up tay^ jCm^ ^^^1))^ and ths^t the whole si^ 1 + 3 + 5 + + 
fi2 2) +©2^ adds up to (^(m^ +' l)2^> producing the Pythagorean triple 
h_^(m4 - 1), !^Cinf + 1) .iSias Ve h|ve' Pythagoras' formulae If m is "^H."^ 
^^|y odd numherr: Chen jCm^- ^ l) ,j |(in2^-f 1) is a- Pythagorean triple 
^^■^^^s a prpblaBi we leave you to work on your own (no solution Is' 



-r obi em 2 : Wric^ ;a program which 



^^'ing Pythaioraik' fo'rmula. 



generates Pythagorean triples ^ 



k,^ .Pythagoras' 



scheme does not ^|ene rate all Pythagorean triples 



^f^you have, solvi d -Problem '2, youjhave probably notlbe<| tha£ the / 

produces ©nly triples" a, t where c^ b + (l.e,, l (m^ t l 
"yCm^£^ 1) + 1). Thus it will not generate the triple 8,15, i?, 
Jeh-iyou canL rea Aly w to be Pythagorean* What la needed -is La 
^^ula- taking t^ijo numbers as tnp^t instead of one* '^is will si 
^^jrde enough fj edibility to prolduce all Pythagorean triples. ii ^ 
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Problam 3 : Write a program for generaclng all Pythagoraan triples, 
rising, thg preceding formulae* ^ = - * 



Solutions 



/Froblein Li 



Notice" chat it + - c^, then c ^ Va^ + b" 



Thus the 
The idea 



T%' t^'chagorean criple a* b , c -can be rewritten b ^ i/a^ + b^* 

- df the solution i"m to generate all triplei a, b, Va^ + b2, cheeking 
:i eadi time to gee if + im a whole number 



If it ig i then a^ 



bi a Pythagorean triple, and the program stops to output 

' ■■ ' ^ --^ — '—^ . " : " , " . ^ . ; 

fe'lt. We may as well only generate thoae triples for which a^ b, sincft#£ 
t^^ triple 3, 4, '5) 



a, jsisiuthe others are redimdant (tl^ triple 4, 3, 5 is no different froms 



So first we need a part of the program which generate^ all ?! 
^%!y?possible pairs of whole nui^ers a, b with, a& b . This ^we accomplish. 
3Fr^-th nested loops. Here is the flowchart I v f 



-Now -ail^Ehe r^^c ot che program has to do ts compute 
>±t in a memory (In casL* It turns out to a whole number) j^^j^ 

£□ see if i"t is a whole ^number (fracclonal part - 0?X---^^^f It s 
-output Ehe tr lpj-e ja, :-b, c. We will leave It^t^-^ySu to arrange the 
output. If +^2 Lb hoc a who le jumb^eTi It is cime to generate 

a new pair '=a» b'» which t:akeg...^f^ff'TnFo the part of the program we 
have already des£,Eife^df^5re is the tlowchart for the rest of the 
prpgra^*^" ^"^^ ' " 





As no cad earlier , there is much history associated with this . 
j^^^'' material^ Students mi^t find the foilowing of interest- Pythagoras: 
g^^s got his liame attached to the Pythagorean theorem and Pythagorean ^ 
triples more or less by historical accident. Until the. 20th ^ : J 
Si^century^' it had been thou^C that E hare was very little ma themacica ,' 
y|T^t%orth ment toning be for the time of Pythagorasw However, we now . 
ip^bAnow that the Egyptians and Babylonians were producing respectable/ ; 
p^m^himatics as far'back as 2000 B^C, (1400 years before Eythaior^lOgtT 
^f^flhdeed; the more we leatn- their work (especially that_ of? tHe*i^;~ 

^^STBabylonlans) ^ - the more impressive it becomes .. . Clay tablets dating - ^ 
^tftem about- 1800 B*C»cph^ that Babylonians of that period knew.how^ 
^^^d"^ generate Pythagorean triples* _ s - ifc; 



^^M^l^ZJS^^^ no ted ea r 1 ie t , - th e s cheme f o r gfenerat ing Py diagbceafia^J 
tuples "given in Problenj 3 produces all the "primitive^* triplellj^j: 
cifs from which all others can'^be obtained by ihultlplication.^^i^TplS' 
JfM^e~$ample, 5 , 12, 13 is , primitive. From* it we can ~gene rate the - 
^^^t^lp^les^La, ^4 , 26^(inultipl y by 2) ; i|*.36, 39; 20,'^i8,-J2j etc. 
gTO5/-l7,- 13 is not itseIKTTOlttp«^"£-a%^'©s^ 
EJ^ple . Clear ly If wej:5are tlinteres ted . in .-genera tingi^mlL ^-V^i 
"triples » Jit suffids tp^gen%MCe .oHly^^ 
S - scheme! given In Problem ^3 dp.^^ ric^ do^ tl^^ tg\fcj^S 

"^"iiid^ ti ve t r Ip 1 , i t 'generates Some ( theu^; t al 1 ) notip^^^^^. 
"scopes The nonprlmltive triples, ean^ be;^ avoided by impo^ingi^^^ 
restrictions on the nimiberSvE and wi •'?Ci)h they' should, Ita^^ 
^dommori divisor Q^her than l.:Ci re:v they should be -relativ el y- pri^M 
^andr(ii) they should" not bo'th be odd ^ (they 'c^not both be -even¥*^^.^| 
Either, since then 2 would'be a. common divisor). It "is tricky tci 
rite a prpgr^ ec^odying these restrictions | we leave it to th^jj 
^fanatics among our readers, . _ ^-^.^^ 



/'Mi|elg 



Pythagorean triples can be . generalize in various ways 
£or example, "Pythagorean quadruples ^hree perfect ^qu^fej^ 
i^rup to' a perfect square, such as 6^, 10^, 15^, and 19^,\^6nji 
find quadruples of perfect cubes (3^ + 4^ 5^:^ 6^^^^ 
^les of perfect fourth powers (30^3 TZO^ ^ 272^--^^3l5^J0 
gl'es/of perfect fifth powers, etc* However, there' are„ ,no. rpadffcs^ 
iBj;addingr up - to_ a. perfect cube ; i , e » - there dre no triplgsg^^g 
CwiioleSumbets a; b, and c such thatj a? +.t5_^/r^%< 

^4f- o| this -.fact was given by Euler, in" th^Slotft^'aen^E 
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Us Ing PYTRi 



[ ENTER t J 



m - 

n — 

a ^ 

b ^ 




EKLC 



NOTES 



The HP 41 C program has been wrltcen to accommodate any one of the 
-followlni options - (with ptestored a and b rescrictfed accordingly)!* 

4 1* Inpuc/Outpuc are t ^BtTtctrnd to ricm^n&rjativB' integ with 
an explicit error message pflnted if this restrieclon tm 
violated* - 

2*'. Input/Output ara reatricted to int&gsrB (negative* as well 

as non-neiacive), with an explicit error messa|e printed if 
" this restrict ion is violated^ 

. \ , J 

a \ 3* Input/Output are restricted to non-?i€gat€ue rationdt nim^ars^ 
with an explicit' ejror message printed if this restriction is 
; t: • ^ Violated. 

4* Input/Output may be any rational ni^ber (within calculator 
- range), negativfe atf well as nbn^negative. 



-.iFOURUEE: 



S^'^.A ; The HP 41C progran has been written to print an 'ej^licit error 



l^iQ^ssage if input , m or' y ^ is iiat a tioimting rimnbar , 



TRIRULE: 



F The HP 41C program has been written to print an explicit error 

=^essage if .input a is mi m amint^ng nim^er^ • s 

(The; ir^Cructor^pres Cored d should also be a o^untin^ nundaer; ■ 
i^everj iLNO>prov±slon has been ^ in the program as written far an. f 

pe^TOr message if this condition is violated.) -r 

^Since these values are InscrUctor-prestoreds it is assumed thaC^i 
iy. applicable restrictions have been met and no error-message provl-- 
has 'tween included in the program to cover "violations/- 

Zimtratiua ^rrgp meBsageB^ &aah of whiah %b prBOBdrnd bu an audibta BBEWt 





ERIC 



Additional FYTR ^otmm 



1, The program is to be eKScuted with the calculatQr in USER mode and 
the printer In MAN mode* No provision has been made for executing the 
program Without the printer, ' 

2*. The program assumes that the user is "intellectually honest" and 
restricts input to poBttive int^gevB ^ although an error meLiage is 
printed if 0 is mistakenly (or otherwiset) used for m or "n* In Its 
ipresent form, however, the program does ywt reject a ?iorilntegral input 
for m or nor dois it reject an integral input for which m < 0 or^ 
n (The program could be modified, of course, to reject such 

inputs also*) ^ 



3* d^b^G is computed from m,n as follpwsi 



a ^ Smn, 
b - |m2 



\ 



and 



J B^/ using the ^solute value of the difference between 
to computed j it is unnecessary to invoke the input condition that 
m> n^/ It is left for the student to "discover" that input order 
Qm^n y^^ n^m) has n*^ effect upon thm a^biO triple coinputed (which 
is primitive iff ^ and n are vmZattvety pptme and of opposite pam^t^^^ 

=4. In Step' 3 (FYTR d or PYTR 2) the Euclidean algorithm is used to 
calculate the HGJP-of a and b ' fpr the s^fcjO triple generated by Step l-i^^i 
imnd the value ofj the HCF (1 if a primitive tri^lm) ts d%Bptayed but nbta 
f^ijCnted or 'Cdmnt'Cfied OB buoH as final calculator output when Step . 
terminates* _ . 

For PYTR 2, if HCF 1 its value-is printed at the outset of ^; 
Step A and identified as CfCT but its meaning ^remains to be 
i'!^is covered" by usars^ The HCF is used ^ ' the 'divisor of ez and b. :f 
Imd a of. the Step 1 nonprimitive triple to generate the primitive 
^triple printed in Step 41 \ '^^i 

5 V Si TWo shortcuts have been progranmied in connection with PYTR 2i 

^ " n Executes ^1 as subroutines , and if ne cess ar 

executes |^ ^ DD Co generate a primitive tripre|r 
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SOMK HimLlQVm FROM THE HlSTai^ OF PX ON 

nil; PHonK^v^rMABLE calculator 



Ell Maor 
D^parcmene of Mathematics 
Universicy of Wisconslri-Eau Claire 
Enii C-laire, Wisconsin 54701 



.The histsfy of ■ tnaChematicB offers an almost mindless source of 
|^'^ri£:hment macerlal with which to enlighten a classroom discussion^ 
W^Wadays j. vich the progrannnable hand^held calculator having become 
|flO inexpensive 5 one can illustrate many problems on one's own 
u^ns c rumen t and run chem'ac home, in the classroom, or even on a 
.^-vacation. Let me discuss here some highlights from the history 
ijof che number TT^ Of course^ for a more detailed discuss ion ^ ^ne 
l^ihould consult any of the many aources on the history of mathematics , 
I some ''of which are mentioned in the bibliographical list. 



The nianber tt -.h.a^ Intrigued acholars and laymen alike since the 
^^fw oi recorded hisCoty., The famous Rhind papyrus (ca. 1650 B.C*) 



the appCQKimation w *>(4A3)^ =-3*1604938. 



which is within 

pX6 jpmrcmnt of >he exact value ^\ Another interesting approximation ; 
CO^ff Is.che easily remcrjiibered fraction 355/110 ^ 3,1415929... , 
^coye r e d y the "Ch inas e Ts u Gh ' ung-chih aro und 4 80 A . D , 1 1 i s I 
^uipvAHng chat the Biblical value for tt is s Imply-. 3/ as is clear: 
gErom a- scatement in 1 Kings vii 2%i **And he made a molten sea, 
^rt^'cublts from the one brim to the other; it was round air about , 
gpi^ his heigh t- >ras five cubitsi and a line of thirty cubits diA h 
cQ^f^ss Ic round "about, '* Thus t^e ancient Egyptians had already ~\ 
peen ming a much better approKimation some |lf teen_c^ntyr_les beforeV 

'--^ - But while all the ancient values were based on ah actual measure^ 
_ int: o f t h e c 1 r c um.f trence-to^di ame t e fc ra t io f o r given c i"r el as i t was : 
fie^ Greeks who first, proposed ^ an al go rl thro— tha t -ii , a systematic ^ 
K%^wihiure--to find ff to any desrrtd^^«u£^GX^ This was the famous 
^%^thod of exhaustion, invented by = Archimfedes of iyracuse (ca^ 28? ? 
t^^|B*G*) . By inscribing and circumscribing regular polygona of an t 
^"creasing number of sides n around a^ circle of radius R, he showed/ 
Ithat: the value of is "equeeied" between the values n'Sin(180'*/n) 
mU nrtanClSO-Zn) for any given n, (df course, he did not use the 
gfeEH: .trigonometric notation, but the formulas are essentially hlsV) 
|^;^n with an equilateral triangle Cn - 3) and then doubled n five- 



'it_ teaches undergraduate and graduate mathematics courses-. 
g^^ate^ests In applied mathematics, mathematics edHca^l| 

In 1978 he developed . 




^Hff^^tory of mathematics 
i' . cat cil ia 
children 



..\iy=?;t- 

. ._ ...... e> ■ . .... ._^^!k¥S:|r4*'t*r2?''"' 

carculator courses for gifted elementary and jufilSV''^^-^^*™.;^! 



i-LW 



' _ / • 82 _ v...... .. ^- . , 

times up to n 96, for whieji tt Is squeezed between 3>*14l0320* . * 
and 3*1427146*,, ^ £t Is an easy task to write a program .^t hat will 
display cheae valuea for n ^ 3, 6, 12, , . ^ , (Do not forget Co put 
your ealculacor in the "degree" model) 

All sabsequenc methods of approKlmat Ing tr were esseVitlally 
variations of ^the e^chauBtion method* It was not until 1579 that 
the French mathematician Francois Vilte gave a new nMthod based on 
an infinite pr oduct I ' 



i 



1 + 



-This remarkable fomula ahows that can be calculated fsolely from ..^ 
"tha nu^er 2 by a ^ucceaa ion of jadditlons , multiplication^* divislooSj 
-and square -root extractions^ Once again, it is interesting to write ^ 

program which will apprpactmata it frpp this forTttiilai uMing - s 
partial products* A program for the TeKaa Insttui^ents iTI 5. follows 



' ^ LRN 








; . "2 


RCL 1 


: RCL 1 


LRN '. 


> 1/x 


vr 




HIT ^ 


: STO 0 . 


STO 1 


. \ 2 . 


R/S 


Lbl 0 


RCL 0 






1 2 


1/k 


Prd 0 


(18 p TO gram a te ps ) 


SIM 1 


Pause 


GTO 0 





it becomes a fascinating es^erience to watch, the nun^ers iti. the dispell 
:as they gradually approach ii * The convarge'nc.e %m very fast, and aftei 
only 15 partial products, the displayed value is correct to seven 
'decimal places; , ^ - ^ = i 

Anothpr remarkable product leading to tt was discovered by the \ 
English mathematician john Wallis in"'16S0 and is n^ed after him; 



S 



3 



5 7 



Again; it is easy and Instructive to write a progr^ which will apprpK--z 
-tmate Tf from the partial products of this formila. The details ^are^^fe^ 
^^Jil:&£t to. the Teader'*., - X - ^ ' -'w^^i 

Let me now mention some Infinite series which involve tt , man^?o,4'^ 

The first "siich 



i ^wh ichl magk: miffls tones In the history of mtfthema tics 
^^C&llpkaL disco ve red i^^^^ by the Scotch James;; Gregory from-j-he 





} .{Tha sertea Im also kut?wri as the Gregg ry-Leibnlz series,) It was one 
C;of Che fcirst applications of the newly invented dlfferanClal and 
>_.^*i^^g^3l r'al^ulus, even though it is quite useless as "a practical 
^. ineans to calculate ir^ due to its 'slow convergenc«* In writing a 
O=.^program tp apftroKimata if from the partial sums of this series, one 
: hds tv tcike Lnco accounc the alternating signs of the terma. Tliis 
liCan be dona by storing (-1) in som^ memory and then instruct tjie 

Instrument Co multiply the content of this memory by (-1) at every 
:::>^€sxecotion of the loop, ^ ' 

It is well known chat the hmtmonlc series— the sum of the 
p^TOctlprQcals of the natural numbers^dlverges. Howeveri for many * 
^-J^ea^s It was not known if Che corresponding series with the squares 
|r©f the natural nuniera dlvargef or convergeF, and if it converges" 
jrco what limit. T:..>.s Intriguing question was solved in 1736 by \ - 
|:Iiepnhard .Euler* who showed that the series converges to 7f2/6! ^ 
?L'''^_ ' ' ' ■ / : . . * . ' 

1/1^ +;l/2^ + 1/3^ + 1/4^ + ir^/e. - 

^C -ls .tltoys fascinating--mystifying. Indeed— to disc5ver such a 
f^fefflarkable relation between the natural numbers and ir, whi^ is ' ' 

iJRjtanieendentaK A TI 57 program to approximace tt from this series ' 

. : . ' -.^^ '-- \ ^ ' - - - . 

^^^^ . .. ■ / " - J 

i/x 6 .> Fai^e ^: 

■ SUM 1 . ' . ■ RST ■ ' ■■■I" 

" " RCt 1 . ■ -''-'^r'- ■ 

X _ LRN . " -■ . % 

\ R/s ' ■ 

t^.One cannot only use the programabie calculator Co approximate^ ^ 
^£rom these series^ but also to compa^re their rates of convergence i 

foaly has to halt the program at ai^ desired 'stage by ^reasirig 
/:Sv- tlian RCL Q, and the nisnber of partial sums will be displayed, 
|SsXng R/iagaiff^tll resume execution of the/program, . - 





^^^t^turns out that both the Gregory series and^ the Euler series 
tyifL.^y-fry slowly, talcing 628 and 600 terrts rApectivWly to find 
^CTO^ cteeimal places (i,e,, w ^ 3,14). For tAe Gregory series , 
^^Wta^^.. the convergence will be oscillating approaching ■ 
Efft^fiStinS^y ^^o^ above and below, ^ / 
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Many tt^re series of this kind are kjiown and can be derived either* from 7*1^^ 
v" i the Taylor or Fourier aKpansion of vartous elementary funcC'luiis. FoYr ^| 
J ' deE^ls, sae'CouranE (1956). , * ' ^ / %^ 
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tivti, F.^r i:i-^L.!:;r-, ^* hO; ,^ rlu.- first fiMir K-HHonH is i^\LLM^J^^l t^-^ 
hive "he 'u-'^-u 1 . ' :, u n t ! viri^ th^ effiiMotir une lU^ Npf.-ifii- 
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Wavrtk, .iului .1. r. M'j .liiipi.i!) i (\i U'tiLit otk for V/\ ;:k'iU,irv Sl^Iuu^I. 
iV cobu r L 7S, ^ 

Ihirf .irtLi:U' ciu- lirf^t in a sorio:^ on t\ic ilP J5 p ro^.raininah I 

r^78, " " - - . - 

A loHHon on h inip I o p ri?^ ranim Ini; for sCikk'titrf in viratloH ^ = b is 
^LVofi, riovtira! problonis arul oj^amplorf artj i^lvt^ti^ iiii- 1 ud * ui^ 
compo racuro iH>nvi' i on , oh t ima E i imi , and nunibo r opo rat Lons , 

Wavrik, John J, A Short ProrfLairat ton In *'Coniputor LitoraL-y" nHiuL; 
Proriraniniab 1 o CaUulati^rH, Ca^U u L a t o ^jj/g^ip u ta^ rn Ma g a i nt.> 
J: 9=11; Novomber/DoL'oniber 19 78. 

!lio pro-rammahlo o.jIouIaEor lh Hng>;oHCod .i-^ a moanH of intro-^ 
diU'infc* oloinontary HchooL ^CudontB Eo cortain fuaCuro^j o!' 
oonipn tt' r-4 , A ong-hour luB.-^on for grados % arid h usiiii-* EiU' 
HP pro^rammahlo oaLruIator U prosontod, in whioh HtudoiitH 
arti t?iviMi oxpt^rfonoo unEerin^ and running pro^rrams, 

Wavrik, -Jiihn f, P ro i^rammah 1 o Ca I (Mi 1 a En r^^ for Klonicntary Sohool 
SEutlttnCH, CuinpuEing Toachjr b: 39-4 L ; May 1979, 

IWo unLCa of Htudy are givon for toachtn^ ulemtintary sohool 
stULiunEa tho uHo of progr/immab lo caLculatprH. Starago 
ru4L?4rnrB in(! Efu' program momon/ are eon^^ i do ro d , 

C * Sj l? oon d a r y S tdiot > L 
Seccm d ary SchnnI At^ri culture (VaoacionaL) 



TroJu, f^arry ing a Programrnab CalruLator in Vo^At^. 

A^r^_iUjua%U_ jwhu ion 52- 17-lH; April 1^80. 

Ili^' i apab i 1 L E i L's of tlio nrograiiimah L o oalrularor and its 
POHhUHo usum by a yncarioTMl aq r i cai 1 t iiro Eoaohor aro dLHcaiSHotl 

Socondarv Sidiool nioKiiiv 

Vail, Roy, I* ro ^ rammab 1 1 Ca 1. Cii la to rs in HLolngy ClaBHoB. ^Vmoricnn 
;U^'!M^*y Toachor Jftr A 96=^98; Nnvomhar 1974, ^" 

>ovor:ii ustj^t^ of p ro;> rammah 1 o tvi i oti 1 a Eo rR in hlolni^y oLaHf:o8 
are monci^ned* nnM tiding charEins:! uxpcmontial piTpulatlon 
our'/fe'H, evoiuE ion by natural Hulartion, and ratidom HL»nt?tic 
drift. 



Khrlit^h, AiHii^, P ri^^ ranmiah 1 ('a i ^ui I .i r and Kiiiotii/H of (IhoniiiMl 

RL'.h'CLond, In tt' maC iona I Journal Ma choin.it i 1_ ^'dju-at^io ri m 



i imt 1 1 ac Ion c L-ohn i quc-H u h ( ti-.- ,i p ro ra:!i!i: ih 1 , 
\t\d'^ of . - n ^M'i i . ^ i 1 r* MO r i o nn . i fm p rt sqii t hI , 



a 1 ou I ariT iti t l 



Wi.'Idt,'rC, K, W, P ftii^ r^niim.ib 1 L* I'«u.'koC I'ltH/tronio (?a IjOul aCi^rn in cfiu 
iWA^^ro^m. -loiirna! of Chumual luluoat ion t Ootoht'r 
197 7. --^-^ ^ — 



rho of programmable oalcu.ati^rs in hi>;h 

^laHHus aft' diHouHHt?d, Lnoliuiin;^ ^radin^, la 
'onipiirLni; T^Hoort*^, and a quant L Cat i vo appro 
•qu i 1 ibri unu 



aidarv Sohool MarhomaEicH 



iAohoo 1 i/hom i s t ry 
'loracory t^xi'Te i hoh ^ 
loh to rhoiii i r a I 



Andijf^^t?n, la/Iu et aU Making Conipar i^onn : RaClo8, Topical Modiilo 
for Tho in a Ma thomaE i l^b Lnboracnry Seccing.j 1971. !^RIC: 

- ..^ i;r) ! ^ \ -oq. f in pagoH) ( 

f Fit* 'tb i t-r c 1 vo ^ o f E h i mo di 1 1 on ma k 1 n^ romp.l r i sons and r a C 1 
i n> ''l ud u H 1 n g rati o h c o v om p a r e h e C M o t ti h j e d t ^ and e x p r e b s i n g 
r ir ioH an dot'ifnals or trarclons in lowe.^E terims, Hlk expor inents 
tro prrividod, pluH di root inns for iicill^lnp, a. proii.raninahl e 
0 a I ou I a L n r o r compu c r , \ . 

B a w t r o o i ^! i r i o ] , MurTie r i c a 1 Sol u t i o n h Wit ho u c . Ca 1 t\i 1 i i S , Ha them at Ics 
Jji Hcdi^jol 8: 19-20; March 1970. ^ \ ' 

I'h c p r o r aniTii i h I o o . 1 1 t.^ u 1 a t oj r ^ c a n b \\ ^4 o d E o o b E . i i n nii^n r L c a 1 
HoliiCions En L'quaCLons, The prograni given a^d Eho method 
i 1 1 li.^ t rat od . 

\ 

Donn 1.^ , J, Richard and Thoma^j, navid, how--budpoC Comp'^itor r*^'\4;ram= . 
m i n ^ in Your Sr boo 1 . ( An A 1 t o rn a 1 1 ve t o t h v Ho t o I.a ? 
C< nnpn t o r .4 ) . Ellin o L 8 o r i en o n Ed u c a t uann 1 App I i r at io an o f 
rompntorH, No, 14, 1976. ERIC- ED IIH 291. (6 pa^es) 

Tiie progranmahdy ra I ruin tor ran ho u.^ed in teaching the concept h 
and tho nidtinontj^ of eomptatof prn^ramminc and In romputt-'f problfi'm 
.^oluing* rwenEy-fLve prtT^raniming at-Eivicit^S related to hish 
^rlioril fna themat ips are listed. ' 



Du r . i pa !j ^ V , J , and B o r n a r d , Jo h n * From Came b E o >Li t hema E I c a I Co n c e p E s 
via the Fland-held P rop, rammab I e Calculator. I nternaE lonal Journal 
of Ma E homa 1 1 r a I Ed ur at Ion in SnLen^'O and Technology lOi 417=4 24 
In I v/SepEf^mber 1 979, 

A f c^w ^ameH ape Hui;geBtt^d for programmable calculators which can 
crerice an environment in whlrh maEhemattcal concept b are more 
easily formed* 
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Tt3l Aviv UnlverHifv, 1977, 

A iinic tiir tt>.!ohin \ a I >*i»r i chmH and tho u^o of cho SR 5fi ]irogrnm = 
m.ih 1 ^ po r t I cu 1 i r * i r wa h o v 1 opot! f p r t oar li p o f h r L onco 
or mathoin.Lt i .^^^ in hiufi s^iMu^oIh i'nmprt^!uMUM\u' Hl■htnli^^, 

Kastner, Hhe^Idnn B, RomtHlLal Mat htMnnl Irn rikillH Prc'!>^ram for (iptional 
AsHi^nme^nC Pupil-A; School Yoir 1^7^ = 75. (Nnw York City Hoard of 
Educac ion Funi-cion No. 09-19678), 1975. KRIC KD 117 477, 
(20 pa>^t-B) 

ThLsi Is an i?vaIiiation of n Nt^W York Cicy Srhool DtHcrLct educa^ 
ttonal proj^cc, chu majc>r ohji^rtivo of whitth was to ini?reaHo 
stuiltmE i:ompetenc:y In macti comf^icac iona I skills. Math 1 ahn 
eqtiippod with calculators, princinp, calculators, and prniirammahl e 
L-alculaEors were available for scudenC use. Program partlcipancH 
..>n Clio ivtira>u;, niado ono^yijar gains in actual nchiev^mimt * 

K r i H C , H t» 1 1 y . J , Tho Prograrnmable Calculator in Senio r H I ^h H c h ooli 
A D id^ i I Ana l_y s lB, Un p ub I i s h d Doctoral d i s s r t n C i o n , 
Heatt^ f'nl vers ley of New York at Buffalo, l^SD. 

KrlsE^ Betty Usos of CalrulaEiirs in Surondary Ma t ritimn t icn . 

ColumbuB, OH: Calctilacor Tnt'orTnat Ion Center, rnformac ion 
fiullettn No. a. Sept ember 1980. 

LaBar, Martin^ Wilcox, Floyd; and Richman, Claude M. Pragrammable 
Calciiiators as Teaching Aids and Alternatives to Computers. 
Sc ji ojr? I S c ience an d Ma t hem a t i c s 74 : 647-650; Do c embe ^ 1 9 7=4 . 

The aiithnrH provide a list of calculators which have a capacity 
ror handling programs , and= a list of programs for such calcula= 
■tors which are available at cost. They argue that the use of 
these materials at many leva Is of mathematics instruct inn ^ 
enhances both motivation and understanding, 

Mattei, C. Courses about Cnmputers---for Secondary School Students. 
Ajjjt ral Ian Ma t h ema tics Tea c he r 10: 118-121; June 1974. 

A me t hn d o f t ea c h L n f' : n t rf u I u c t n ry i d e "! s a ho u t c om p i 1 1 e r o p e r a t i o ns 
by using a programmable calculator in suggested. 

Qulnn* Doiiald Ray, The Effect oj th e Usage o f a Programmable -Cal cu- 
IjVt or upon Ac hiev eme nt and Attitu de of Eighth and N'lnth Hrade - 
Algebra S t uden t s Unpubl i shed Do c to ra I d isse r ta t ton", S t . Lou i s 
Universi'ty, 1975, 

The programmable calculator was used in eighth^ and ninth-grade 
algebra classes, '.^en compared with students in noncal culator 
algebra classes ^ students using calculators showed less 
"anxiety toward mathematics'' and had better "sel f-concep t In 
mathematics/' but no difference in ach ievement . 
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;:iatu'^ l.ah.i r.i t o Si>t r iiu>. PUS* miCi KD 181 U)^. (61 p.igen) 

a c^^vorind,^ tho rfqtinro tmlC, and formula dovo lopmunr , iVt^ 
unrirhnk'nt arCtvitli'M are iiu-|udtHl, tlw tirHt kif whuMi rt'quiroH 
tMs' a K! ! * i' a jiri.^^r "inunah 1 .-a I at iM" at^ ranpitlor. 

\ 

Snavi-r, SLi'plttMi and S;SLkt'lI, Mark A. riu' Kalo i^l P rjuiiniah 1 a 

("a hall a' r-a and I'anpurarf^ in Ma tfwtriaC IiM 1 rroarr^, MaCluM'Ki t i ca^ 

riiLh4 arcu'lt^ 1 n 11?^ r raro?4 tho rolo af prin^ raninabK* raKailatorH 
and t-'onipuEefH in tfia iTtvirian atj nia thonia t 1 ra I praafH by t'xph^riui; 
a H t mp 1 1* prahli^ni I ram niinibt-r tliaarv. 

Snavur, Sct'phtMi and Spikt^ll, Mark A. ik'nt^rallv. How Di^ \\)\\ Ho]vo 
KeiuaclanH? MaEhamaE u->4 Toa. hlT 7^] 326- ^36^ May 1^7^. 

Itt^rativi' tarfinLquL^H art' proHuMiCtHl for HalvLiu; difftaulC oqiui^ ^ 

rioiia wltii nunu'ri^Ml- niochadH thai: c,m bv uHod irasfiy an 

a ' ^r nrunab 1 aal ru I a ca rn . FlowaharEH and proL!raniH ara yivLMi 

f.sr Tl UP and BASIC, " ' 

:^ni>var, StrDhari I., and Spikall, Mark A, X ^ ^ + 1, A 1' rav;ranimab 1 e 

Caii iilator ArtivLty, Naw Jarncy MaChamatlaj^ ' Toaahor 37 i 6=8^ 
Fall 1070. . =.= =^.-. =- , = =^^.=-.-^- 

r r a r a \ r a g i v t' n I a r E h a T I 3 7 an d E I u HP 3 IF p r a g r atniis; i h 1 1' 
a a_ 1 1 1 1 a r a r n for rs n no n h E a 'a d a r cl p r o b 1 am . 

Snovor, SCaplum k. and Hpikoll, Mark A, A P ra i^ramm/ib 1 a ralculacar 
ArELvlEv, I + 1. 1979, FMIC\ KD 170 117, (7 paj^on) 

A nann E ana , i r d ac E L v 1 E y wh i 4'h con 1 d no t bo on nlly exn I a red wit hoii t 
Clio UHO or a prot^ra.^J^^'ib 1 e anlcvilator i.^ preHentcd, and tlnwrharts 
and prot^r.ims for dLffcront pro^mmmnblc t-.-il t nlntof r nra i-;ivpn. 

S no ve r , H t a p h c n I , , a n d 8 p L kc I I , Ma r k A < P r o u, r amma h I u C a 1 r a I a E o 

Fai'llltata 8 imp I a SoliiEionrf to Ma rtiamaE ica 1 ProhlaniH, 1979, 
miCi KU 170 in, (8 pages) 

Many typfs prohlamH ordLnarily raqnirinA advnnaod EochnlquuH 
or Hperlnl in?4iediE to i^olvc ran now ho done as Bimplc? proc^rAm-- 
^fn.' i-.vi.^-^^a^ nn i naxpf^ns I V*- nrot^r amnnb 1 a ra 1 an fa En r^i , Tha 
raLlrjwinv-^ L'KampIos arc ^iveni evalnnEing polynomiaL^ , flndtng 
limitH, avaluactnii flnLEo and InriniEo sorLCB, rompaElnp/ 
v'triahla lan^Eh produaEH, aenrahlnr, for data, and deyo loping 
p ft ^of. 

8 n* 1 va r , 8 1 ph a n k . ri n d 8 p L ko 1 I , Mn r k A . U h l ng P fr, r aimrin bio Ca 1 a u - 
latorH tfj Fvalnata Compliaated ^ormulaH- 1979. ERIC: FD 
170 1 W>, f9 pnpo^). Al HO in ^ VLrginin Mnthemnt lch Tonrhor 
^: 25-2^^ Fobrnary 1980, -—^^ =„ ^~ 

Tlie uHt; of the programinab I o calrulacor in fivnluatins compl icaEed 
tormulaB lb illusCraCGd by conBLdering the formiila for finding 



LUl 



Tt 37 And tliii HP 3 IK prowrammab I u ra I L-iiKiCars , 

BEiartj, Rifluird and Now, PhCs'T J, Pro^ramniabl u f!a I cul aCiu^H tor 

El emoncary Phyi=5lcH Toai-hing, Phyn Ich EdtiL-at Ion 12: AnA^A26; 

Opt^rnring charartoriHC irs and feaCuroH of programnuih 1 o hand- 
tiuljti caLoulatorH aro conpart'd. 

Bgaft?, Rirluirti. rro^rammahlo CaloulacorH, Pare II: Their liHe in 
Applying Simple LawH in Phynlca to Some CompLoH ProhlomH, 
j^i. ^ionl 5c I qncg Review 59: 2 6 9- 2 84 ; De cemb o r 1977. (Part I 
'.n Ctil^ .irciolo iti L isc t?d be low under Secondnry School Science* 

n I u i 1 H t! o I pro )4 r a rrana b I e c a 1 c u 1 a c o r s c o solve c omp lex p hy h I c b 
prnhlemH in deKcribed^ 

Re i land, Kt.!bL'rE J, A Realistic Model Roekec Pro>;ram for a Small 
P r ( 1 a r a niin a b 1 1 • C a 1 c u 1 a tor, C a 1 c u 1 a c n r b / Cc? m p u c e r R >la gamine 
2: 72-7U\ Sepcember/Orcober r9'7S.- ™ 

A program tot a programmable crilcnlacor is given which predicts 
Erie alELCiide achievable by a model rocket, 

3mich, Clifton ].., Coniputing in Secondary PhysLcs at Anndale, W^A. 
.AuBCr allan Sc ienc u^ Teachers Journal 22i 33^40^ May 1976, 

An Au 'I t f a 1 i a n s c* c ond a r y r c hoo I phy h i ch cou rs e ii c 1 1 i i ng an 
e I fc?t; c ro n i c p ro r ammab 1 e cn 1 c u 1 a c o r and comp u C e r is described. 
Calculation techniques and functions, pro^qraimnins techninucis, 
and simiilatlon of phyfaical syg terns are de toiled. A summriry 
of student responBes to the program is tncluded. 

Summers, M, K, Use of a Programmable Pockec Calculator in A- 1 eve If 
PhyBlcs Courses, Sc^hool Science Review 60; 316^325; December 



S e i.: o n d i 1 r y % c ho o 1 S c i e n r e 

Beare, Rlcfiard, Programmable Calculators, Part T: Their Use in 

Teachin^:, Science. S chool Scien ce Review 59i 36^48; September 

107 7, ~ " --—^-^ =^ 

^ Advanced secondary school science exercises which are amenable 
CO the tisn of a prograimnable calculator are given, and use of 
tfie calrulator is cnmpared to \ist of a computer terminal. 



CraiK, Jamt?H S lind r i i i n^; Air (JiKiltry Luvt^s t igaC ions with che 

Progrnmmably Ca leu I a cor. He it^ncu Tuachor 41 i ]8=^4L!; Ai^rll 
1974, - - 

WavH of L!sin>; a programmab I o ^ cm I ou LaCcir fo obtain a.Lr pollutioti 



CoWiz^^ Biology 

Blum^nburt?, Benn^cc and Hplkoll, Mark A. Caliuilator Pro^ramj^ in 
Gent-ral ClonoticH^ XL, Nl^ i ' h IndLoeH of OonofLr Di^cant^o, 
PrnCfe^Ln Idunttty, Mi^rr-ition Rattj, and DtverMCilce TLme, 
' J'^ ucnal of _ H^rcdUv 69: 278=280; July/Auguai: 1973. 

Two programs of general inEeresc to the populaELon i^eneticiHt are 
proHonttHl, written In algebraic notation for Texan TnstrumentH 
ralculatorH. The^e programs arc written for a genetic systein 
composed five d ta I lei Lc loci, but may he modi f led to accnmmo= 
d a t e 1 1 ! o i ' t :■ ! im p r 1 b e d o f more t h a n two a 1 1 e 1 e h , 

BLumenherg, Bennett and Spike 11, Mark A, Calculator ProgramH in 
General CienuticB- lit. l.atter*g Indices of He EejrozygoB 1 1 y » 
Popiilaticm Dl t f erent iat ion, and Genetic Distance. vJourna l of 
Heredi_ty lit 291^294; July/August 1980. 

A program wrLtten in algebraLc notat Ion for Texas InHtrumentH 
calculatorH, and intended for a genetic syRtem embracing an 
in fin Ice number of diallelLc loci, is presented. Tliis program 
may a Inn be modi find to accommodatt* loci sohie or all of whlcli 
cons Is t o f mo re than two alleles. 

Fd rb es , '"m L , S Imi 1 1 a t lo a of Na t u r a 1 Selection on the P rog ram^ 

mablL^ .ilculntor/ Journa l oj^Colle^ Sct enr-e Teaching 8: 95-96; 
„ November 1978, 

A model or game lr described which enables studentn^ to experiment 
with equLlibria and to trace rapidly g.ene frequency changes 
through time under postulated contiitions of selection. 

Spain, J, D. Tca.:hlng Ba^Lc Biolo-Lcal ?;imulatlon TechaiquoH with 
Che ProgrammableCalculator. 1972. ERIC: 079 990. 

(2 pages) 

An Introductory nnurse on dtgitaT computer simulation In Biology, 
taught at Michigan TechnologLcal University using the Olivetti 
progranmable 10 1 calculator, is discussed.- 

s 

Spikell, Mark A. arad R 1 umenberg, Benne 1 1 = palculator Programs in 
' Gene/al Genetics^ I. Computing Genetic Distance. Jou_rn ^aJ 
of Heredity . 6Si 187 = 190; May/June 1977. 

A program written for Texas Instruments calculators Is presented 
which can be used for, computing genetic difference and genetic 
distance from di>ta from five diallelic loci. The program can 
easily be expanded. to include any number of loci. 
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' Co 1 K'jK * Cltem i H t rv 

Acc^ird, Alfrt?d E, and Lo^ , Ht?nry X=ray Crystal lographic Compuca- 

C to ns Ua Ing a Pro rammab I o Ca I c u I a t o r , Jou r n al o f Chum i cm 1 
KduiMtii^n h50i OcVohi^r 1^7^, ^^^^^^ 

Six crys ta 1 lograph Lc prograiii^A duvoloptui tii LlluHtratt' tlio raago 
of li^iC' 1 11 Ino^a of pru^rammable eaU-ulators in ohemical anal vm is 
are dc'secLhijd, iTio programH are Hiucible for the lahoracory 
analyHLs of X-ray dLffraocLon data. 

Srab^^on, G, Dana and Sccgmiller, David W, Programmah It? CaloulatorH 
Ad d a Nt? w D 1 mo n H i n n Co I .a b o r a t o r i tM:? . Jo 1 1 rn a 1 of Ch u m l c a 1 
gduit a t ion 4 7i U 7-1 19; February 19 70^^^~ 

Uses of pro^ranmiab Im calculacorH in collt?ge chemise ry olaHHoi^ 
aro dtscuBsed, and a BpecLfic example in glveni study of thu 
homogEinuoufei N2O4 - NO9 equil ibr turn. 

Clark, C. J.: Kuuniint?rU, W.; and Lieto, L. R. Programmablt? Calcu- 
laCorH! Uses in Freshman Chemiscry Labo racor ie.'^ . Journal of 
Chumu ^ Hduc atlon 52: 423; July 1975, ^™=,^^-=^=. 

Two ui4uH t)f chi? prof^rammablt* catculaEor in tb.u fresh.man ch am 1b try 
laboraEory art' BuggeHCt*iU to determine whether or not a 
stu.deinc'B raw data fall wichin acceptable tolerance limits, 
and to check die reliability of unknownp and grading 01 quanti- 
tative exper imentH . 

Haym^nn, H.J.G. Stereoscopic Diagrams Prepared by a Desk Calculator 

and Plotcer. Joumal of C hemical Education 5i: 31-34; January 
1977/ " 

The use of a flewlec t=Packard 981 OA prn':!,ramiTiable calculator wich 
plotcer tor drawing bal l-and-l Ine stereo pairs as well as tliree- 
dimensional structural formulas which are useful for teaching 
see reocheniica I principle.^ and molecular s true cure is discussed. 

Holdsworth, David, App 11 cat ions of Progranmiable Calculators in 

Ch eni 1 s't ry C V a s s e s , Aus tra l ian B c^ie n c e Teachers J o u m a 1 1 \ 
74-76; >fay 1977. /' ^"""^ " 

'fVo evppfinent^ in whi^^h f^a ! '"u 1 a for b arc iiHod are described. 
In the first, the relative acomlc mass of magnesium is deCer^ 
mined. In the seconcl, a constant for gaseous concentrations 
of two reac cants and the produce at equllibrluni are deterniined 

Holdswnrth, David K\ High Resolution Mass Spectra Analysis with a 
Programmable Calculator, Journal of_ jhemi cal Education 57: 
09-inO; February 1980. ^ . . 

Hughes , B, n, and Bundschuh, J\ R, Tlui Use of a Fland^held Program- 
mable Calculator in Fvaluaclng Freshman Experiments, Journal of 
Chemical Fducat ion 55i 336-137; May 1978. =__^.„ 

The use of a programmable calculator for evaluating n student *s 
performance on a quantitative laboratory experiment is reviewed. 



K.iu_c.ic ion ill ^H2-'^H-^\ JiiLy 107^, 

The uso of proKramnMble cri I cu l.:\torH Lor tlie Iuh! 1 at toii tU 



Runfpii?^C» Olat ut al , F r.Oii, raiiunah I l' C'a 1 rul aLiUH : SinuilattHi l"X|>t'ri = 

mi-ntH, Journal of C'liomhal KtlurarixMi 26S = ::bb; April 1^7=. 

StmuUituii t^hL'mi^cry oxpur inu-nCH with a Want; 160 pnit^ranimah 1 o 

I w'lila t^-' r aro dosoribuLl, ^ind data on a sa.mplo ciEracion 
siniulatlon aro provided, 

Skj'^.ouV f M, n. and Furnando, QuiruuH, Eiit}ct of lonic^ Htrongth tin 

Hf I u L L L h r I LUii Ci ) n H C a n L r4 i J o s i r n a 1 nl Ch 4?m i a I K d ii c a C i o r? 3 A : 223 = 
227; April 'P)?;, ^___„._.._. 

An L' X p o r in t o x 3 nu n i ri t h o t- i r t of i o n i o h C r l- n E 1 1 on t- Q ii i 1 L h = 
r 1 1 im . • Ml s t a n f H is d t^s t; r i !) o d * 11 lo o ^ p o r init.' n t i n vo 1 v f h E h 0 uh v 
ijf a p roi4raminah I LNilculacor and tha eonrt^ptH ti f actLvLty and 
1 . = t L v i r y ^ s t' f f L c 1 o n E B , 

Slioaru'r, ■Mr;iui\d App ! Iraf lon^ of a rrogrammahlu Calculator in a 

F r tj s 1 1 n ! a n L a b 1. 1 r i 1 1 1 r s' . . I 1 rna 1. ^ )^ f Ct? 1 1 op,e H o 1 oncu^ T a ch ing 
1- iJi4 = 2^3; Marrh 1076. " 

Use o f a p f r.immab I 0 ra I cu la to r f o r s t udenC expe rimen ch , In 
i;r.idLn,4 laboraEory rcport^s, and Lii arfs Lining acourricy and 
pre<:l/^lon hoofoh dlHCUSHOd* 

Snaiifiri-n, H, and Riinqui^^t , 0, SlmiilaEPd Kxpe?r impnt^s , K^ uca^ UMi ijl 
CluMTiUt^ 1 2 : 7 3 , 77 ; May 1 9 75. 

A pro J, r.immnb I tj calculi! Cor Ih ussod as a daEa^gonerat ing ByBCeni 
fur a Himulatod oxperiment involvLns conducE imuEric EiEraEion 
of an aquiu.iui^ s^olntion of-HCl wiEh ^1n aqncgnH soluElon of NAOH . 



Co 1 1 13 i^Ei De mog r a ph y 

Sandt'rv. P. Tht' Frogrammab lo Calculacnr as an Aid^ South j\^ErnJ^^ajl 
^■■^ i,>n.-^ T--arhnrq f nurnal 7^2: /*Q=S1; .Tu!v ]^7^, 

A program Is duscrtbcd which can be used to explore tlie effects 
o va r i o us va lues of R and C on population g r ow E h , 
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AdklL^^ Q, H. Tht' Use lU P riigramnuib Ca Kmi I a to rs in tliu 1V4irhing 
of KcimomiuH, Part L. Kc'Ojiornics U; J = 8- Sprint; 1978, 

Two tNiloulator prt^-^raniH for .MMnjiut or^baHoJ ooonomtc HLmulncLonri 
ar^^ Je*>4C r Lbt-il , ijvioh or whioh ^Lvoh ohjiuttvtni, opfratiiv^ inntnii- 
cLonn, noterf to the Coaoht^r, and docailtul iiiHt ruot ions lor 
HciuloncH , 

AJdlH, H, Tlu? U^o of 1' ro^raniinnb Lti CalculacorH in thu Tti/u-lUng of 
FioonomioH , Pari: tl. Ec^nioniic-H L4r iO-58; Summor 197B, 

ItitJ L^omplytEi program for uxplnfln^ tht^ tlynafflit:^ of the Harrod- 
Iiomar uquat toii in ^iven, and somo HtaciBCloal uhoh aro moiU tonod . 



C ol l^ gd Gtinlo^y 

Shoa, JanioH H, rr*-Mtmgnt of Karrhquake llypocuntgr Data with a 

Proijrarnmah !e ralrulator. Journal of Go o Ui3U .ij_ Kdiu 'at Io n 21 i 
29=14; January 1973, ^' ' "~~ ~" ' ~ ' ~ ' ' 

Thraa invt'st i ^at lonn tire devolopod uBinft earthquaky data and a 
calculator Hy^cgm with a card rt^ndcr, X-Y plotter, and-prLntout 
d^ V 1 ce , Th o Ln vt*B t i .qa t i ons L n vo 1 ve dc t e rTn L n i ng the ?5 p 1 1 i n ] 
discrihution of earttiquake fiypoct^nterB with the goal of having 
ritudents work wLtfi realistic data. 



Ca\l€j%e Matht?ni,it i 

Ei.qbEjrk;, Robi^rt, P ro^raimnab L^- Pockat Cah-ulators in Col lege Scic^nre 

Ta a 0 h L n ^ , Jo i n a i _ C o 11 qu, o S c 1 e n c jTeaching 7 i 305; May ■■ 

1978. ^" """"" " ~'~ ^" " " 

The us o f p ro g rammab L e c: a 1 r.ii 1 a t n rs to bo 1 3D cnnd--o rdo r 

d I f f erent tal oquat Lonn ig discuHsgd in an artlrlg whirh cnnsiHtH 

of examples selected by the riuthor from his 1976 book, 

nacdar, Abdu8 Sattar. A Short^ Program for SLmpsnn's or Hazdar'n 
PnU'^^Tn^^-^M^r f r^n ^?andho1^! Prn^ri^a!?! Ha! cmiI atf^r^ . 
Two-Year CoII usg Matherrm tir s Journal 9i 1S2-1S5; Jung 1978. 

A flowcharc and program for nntncrlcal LnteRration are pre a cm ted. 

Clurtls F, Ln Co rai: t ivg Cninputtng with a. Progrnnnrinbl e C*ilcu-= 
lator; SCudent Fxpe r Lmen t a t i ons in Numerical Methods. ' 1971. 
. ERiCi KD 082 470, (8 pages) 

In this paper presented at the June 1973 Conference on Compute rB 
In the Llndergraduate nurricula in Claremonti California^ the 
advantageous uhg of the Compucorp Model 025 prograiranable 
calciilntor in courses at California Polytechnic State University 
aC San Luis Obispo is discussed. Students learned to solve non-- 
iLnear equations and differenttal equations and were able to 
perform mathemntir.al experiments analogous to the laboratory 
experimgnts of the phyairal sciences. 




Ha I Icioii-AblH'rt ^ni , T.it t i .iiui WaitH, Wo rt K. Tho ProyraniiiKibli* 

IZi J15=2L9; Fall 197R. 

pornuLH uvalu. It Ion ^^tutU'nt^' arithru'rir oomptit jit Ichki I nkillH. 

Kru^u, Harry RuJi^lph aiul Hurkt'tt, HumIi Alan. I nvt^H t I k-i t Limi C.irtl 
i-j^3^,uiuTU!j} Ij^^inU Chip I^r^v^riininKih I u I'lu/kt^t CaUniUuorH and 
C.i_l_t'u ljiCi>j SystoiiiH t\)rJ.'H^jic Naval Pnsri;raduaf sj i^raonl aiiil 

N.iya! lis t^ih liHlTment , UnpubTtHhtHi MantL^r's tliOHiH, Naval 
Pan t ^raduaEu S^:hoo\ ^ >\outt2ruy CalifL)rnia, March 1977. 

TliL' 11 lucHH oi kiard^programniah h.nul -ht^ 1 d tMhailatorH in 

t he {naria>;ijn!un C tai r r icu 1 a of t lu_' Na va 1 Poh t i;railuat o H { hno I ai;U 
in the (loot Wl'Tl* invt'H r I t lilK Lr wan L-onc I nUt-*tl that 
t^! I I'u lacorn provldij HigiiiiLoant advaiiEaut^si Lu tt-arliiuv; or 
U'arriu\>^ rnathemat Lea 1 ronceptH and chnt thoy arc pntonrially 
Imiiijrrant mana^onumt antl taetioal Hupport cooIh Navv-wuio, 
in addLrk)n, tlio uHt^r'n overall nnalytiv' oapacicy ia ImproVLHU 

>\(>h rm. I n j K a t !i ry n ( Kd . ) . E nnb va e t nn.L- in S r 1 c ti To a c\\ i n ^ , 'V\w Vo r i mi 
for [.iht.?ral laluoac ion* VoTumy EI, Niimbt3r 4, February 1980, 
KKIC;: KD IHl 84 U (H paKOH) 

Cairrijular dt.? v\' 1 fpnuin t in tindtj rg racliia t l? progr.ijnH in die 
biolo^iLSil, phy-RUMl^ and nui thofnat ical ^scienct^B nc a number 
•"^ t CO I I eges and tin i ve i 1 1 ea Is described. I n c 1 ud e d I H Hio 
Oh i o [Stat e Un i ve t c y ' B p rot; ram f n r t ea cl u ng c a I iHi 1 uh wit h 
p f o g r amiiiab I e c a I c u 1 a torn, 

t) ' Li ) a 4h 1 in, Th t ^ma^s » In 14 Fleet r o n i c P r o s ^ amnia b I e Ca Uhi 1 a c o r h ( M i n i ^ 
CompntorH) Iti Calculii.^ Ins t rhir t i<m , ^XiiierltMn Ma themat i cnl 
MatuiUy 3 "3- 2H1=2S3; April 19 76, ===^ 

An X p e r^ i me n t in do s y rib q d in which a m i n i c o nip u tor wnn i is e d a.B 
an inn E rue t lon^i 1 ait! in a caleuluH elaHdrooni and an a labora- 
Cory device. 

P^ipej _P r OH e nt ed a t t i le As h oc I^a t Ion for IC cl u e a l i o n ; 1 1 Data S y .-1 c e ni h 
/\nn ua 1 Con vofL^J " i b Ot^n ^ x , A r f zc7n n ~ ~ T976"r RTc~ TuT 
I^j ujo. (91 pa^eH) 

Included among papers on the use of computers and electronic 
equApnient in instruct ion is tuie paper on the use of program— 
mcible cal call atofH for calculus iais C rii c t ion . 

P e ok ii am , H e r h v ~rt D , a n d W e i r , Maurice D . Introduction to the T 1- 5 9 
P r n g r a ffl mn b 1 e Calculator. Cal cu L at or h A^^im p 11 1 e r s ^lagn^ine 2 1 
52-57 ; Sep cember/Cctober 1978. " 

Activities desiMnod Co familtarL^e crilctilns students with the use 
_ . _ _ . _ . 4^ 

of the TI 59 a re" p reHcn t ^*d i and instructions For creating a 

library of ptngryms on masnetic cnrds are given. 
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HL^hlaphntt, Carl W, CAl iiii a I'roi^raniniab I g CaUHilator, ^>iilii*lIAiiL 

A p r o I' e J li re in tlu- ^ c r L b y tl t o r p rc h ^ ii t L 1 1 ro 1 1 1 I rit^ p Viir 1 1 t'O 
■jruLU^iiia uu a j) l I'^ranwiab Lc i^alL-uLiCor witl. aCLachel Ct^LeEyptS 
rho ,prvi>;ram usoh a raadoni=numho r ^t'tiorator to wriEe problems, 
4LVtis li^eiibaL^k, and arfHi^nf^ t^ravU-H ai^u'rdiiu; to the jirnrednroH 
ouclLnt»d and U viw-tTharCtul by tin* aiuhor, 

S Lover, Clltfnrd W., Jr, and Tinguy, Ht^nry H. HinomiaL Probab i U c ion 
and tht! Poi-ktJt CaLculaEor. Mat h Hciu nc i^H Rnu ndEablu I: 27=11 ^ 
1979. ~" " - - - ^ - 

L'Hfcj ot t\\Q ca K'li l.ito r in cnmpuC Lng prubab 11 it t oh for Ehe 
\ hLnomial is dlj^tai^Hed, with HpucitU: oKampItjs aiid problt>mH. 

Snover, Stephun L. and SpikeLU Mark A. Bocnusu of P rogrammab Ly 

, Calculators, Why Avoid These Problems Any Longer? 1979. ERIC: 
ED 170 I (11 pages) 

Alsti Ap\uK\rH as I Problems Now Solvable in Caleulus and Other 
Htj^ inning Undergraduate Mathemiitic^ CourseH with the U^o of 
Pru:4rarTiniab U' Calculators, In Looking at Calijuluat Perspyctives 
f -a r 1\-adiurH ( e d i t e d by A , Dav id H u rdoin), Mi l^onrTlAt " 
AsuociatLon of Advanced Placement MathemnticB Teachers, 1980. 
pp, 11=40, 

Several examples are given of the types of ntinBtandard problenis 
that students can solve by using programmable calculators. 
Finding limits, evaluating and calculating infinite series, 
computin^^ variable length products, searching for data, and 
developing proofs are .imong the examples. 

Wolfe. D , li , Na t ti r a I F re q ue n e i e g and He de Sh ap es o f Mu 1 1 i = Do g r e e s 

of FrBedoni^ Systems on a Programmable Calculator, R.C.A, Reviews 
39: 604; " = 

Zimmerman, Mark. Random Nambers and Pocket Calculators^ Calculators/ 
C<3nipi ^ters Mag^i^ ine' It 42=43; November/December 19787^^^ ^ 

A procedure for gfnerating random numhera with an HP 55 program- 

r-ah ! e L-a ! .Ml ; i^ur i.-t pru^'unted, 

Co 1 I ege Phy s i c a I Kdueation " ' 



MLllt'r, Df)rts I. Sim.uLatlon of Sports Techniques by Digttnl Cnmputer 
a n d P r o g r / immab I e Ca 1 c u 1 a t o r . Jo urnnl oF Hca Ith, Physic al Kduca- 
t ion jind Recrea^lj in 45 : 65=67V Harch 1974 / 

L'su tha^pr<Tgrarnmable calcu_lator in biomechanics research and 
"in ppiy?%ical education classes is discussed. 
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Albergocci, J, C, Inn t rucC ioua I (Jboh. of t\w Conputor: Satollitt* 

Flw^LcH lU-llh- January 1971. 

MadJuck^ M. %, AnA Powur, tltjliii i i!tlri . ) , lU^t-ari'h in SrifiUH= 

iCdut.'ac i.irij^ V'' 1 unuj P riirt-uul i ii^h 1 tluj Arinual t"»Mil f rtjiut' lU 

tho Aurftrali la HcLtJiu'?-' Kduaatioii RoHLSirc-h ArirfOLMaCion (7tli* 
Ch^ UnlvorHity of Nowo.ihc1u, Nl'W SouEfi WaloH, Mav 1 7= I U , I97h), 

Amoilii tliOf^y paporH 1^4 ono on Cat> offooCH of clu' p ro^ ranunah 1 o 
>;aloulacor on aEclCiulorf towarilH phyHicH. 

PhilLlpM, X. Hiniplu GraviLatton Uh a P roj.\ranunah 1 o Pockot 

CaUulaCof, PhyHioH KvluoacLon 12: 160-^^61; Hoptronibor 1*177, 

Cal ouLar ii-n , ln>; a p ro j^rnmmab I e lm U iilaEi^r , of cfio potontial 
o t t iio I ' a r T. ' i ' s i; r a v 1 E a C i o ra a 1 ft o 1 1 1 h t f o n -s, t h ant! C 1 1 o c- n C* r li o -s 
of ^. a t o 1 1 1 c la orbit a r o un tl t h g a r c h is tl o b o r i b e d , 

Pitoalrn, f'ami^rfui C, and Bakor, Gfepor>^ Ttio Roidcc>L (lanio , PhyMj rs 

To^u-ho/ -fi7=4:?9; Cccobar 197A, 

A pro 4 r :i rn f o f a n va ^ r.inimab I o i" a 1 cu I a Co r 1 p ro vi dcd wh L ch 
c^Lnuilatoa cho problom^j of .rkoE propulMlon* hovoring, and 
HO ft landing. 

Rgilandi Roht^rt J. A RoalLfHClL' Model Ror-ket Propr^im for a Small 
. P r rifZ r . 1 niri a b L y C a 1 c u I a t o r , C a 1 c U Ir^tifti^/ Com p i i^c^ri? M aga;: in t\ 
2: 72-M; S^ptc^mb^r/OcCohSTT97"S. ' 

A program for the predict Ion of tho alcicuclo aoh Lovable by a 
:^odo 1 rockat LH given. 

Sctimidt* Stanley A, FourLur AnalyBLH and SynthoHiB with n Pocket 
Calculator, Airierioan Journa l PliyHicH 45: 79-82; January 
19 77 . 

T**/ o p r iD ^4 r arris f o r p e r f O r i ri ii Fo u r 1 e r an ;i I y h i s and s y n 1 1 ui- h i b w i rji 
a iio^ i «-j L L = l'ai; ka 4%! (ii^' 2j) oaltulaLor art' do^oribod, . 

Sumnior:'^ K, Prn^rammablc GaHMilacors a^ an Aid in PliystcH 
T^ai'hing. ?hy^ i os J^ u c.U Inn 11: 2^6 = 250: May 197H. 

I s c * 1 f a p r o 4 ra mma b I e a 1 r u 1 a tor to h o I v e cwd k i n dn ot d i 1 1 e r- 
u n t i a 1 o q ua t i o uA ( t h o h e d t' fining' < Imp I e h a nn on i c a nd f i ua n t urn 
liariTionlr moti=on) IB described, 



Calculator Pro^ramB, Sky^ and Telc Rcr^pe 54: 292; October 1977 ; 
' 5%i 102; February 19 7R; ~55V "lOl'; April 1978. 

Selerted programs of aBtronomlcal intereBt that have been written 
for oaLculators are noted. Topic and source are indiented. 
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Dunl^'p, Pas'^i L. ,;>!{t,ur'* t rintiul with l'roi;ra::Hnah Hariii 

(\i I cMi i .1 torn , (m 1 rid .U_^^r?j/t:tHi!puti' rri ^Ul^a.:^i^.■ 2: U^iiu M.iv 1078, 

ror MAC wich ortuT p rii^canim.'i!) I o cti Litt^riH , Using dLulUL^tivt' 
1 • 1 J i , »MU' I' r t Wi^ p 1 av r^=^ U t tMiip t I o do 1 1' vmi nc the codo 



• !^ iUTi ^nu! ini;;^ 



John 



pr^ t-iLt-U: HaccU- ^u" thsj nLvt^ nonilKT^ Fi^ocbal I , Blai-k jack, Sp/K-i 
Vlijh^, :5 iorfivcii:!! KoretMSt, Jilu Tk-nr Y.iur KSl', und ruK-H 

H.'n, DavLd HeaL-tli^ris (Co tfio I'lii Caii P roll 1 L'i;i) . Cal riiLUorH/ 

In ri.i.^ lorr^'r, a proi;ranniali lo k'altuiaEor prn^rarn tt^ nolvt' v\\c 
^.■qn.iti '!i in t-hu Tin fiau Prohlurn (Clyde, 1^578) Is pruHoriLod, 



JtihnaC'jn, navlj LoECors, 
H k Apr 1 1 1 



Cla 1 rir 1 a CO r h / Con\p u CO rn Ma^a;-' i iit 



Hirui' pri'^^riinH rur t^vfraiHus Ui Soocc (1978) art' i;LvL^n in thin 



Juhn:^C'>ni David , Lt^tcers, (^Ijai^l^UojH/j^^mpiiCs^ rn^ >Iaj\ar:inL' 2; 

A oa I Oil 1 at>' r prcj^rar* co ^olvt' tor mt^an, Hcandard dfviac iiip , 
and "nortnal ^-urvo" i/quatLon i^LvL'n, to supplL'motiL Crothamul 



()t;lor?hy. M.io . "Hitn^" "Hurklo." Ca I i"u 1 a Co rn /Conipuf or>4 ^^a>^a^^^no 
1: -;2^.;7: >liy 1 977, . ..^-^ - 

I)i rO'-t i on;^ (-^r twn r.nrtilator uainoH aro iuvon, iMio cm ho 
p I a V <d . * n ch or a i o u r = i 1 1 n c c i o n o r a p r 1 1 r a nima b It' o a I £ ■ u !> i c o r ^ 
tiit;-^^ c ho r inly on a prDi^ranimab 1 o oaKMiIator, FlowoliartH and 
, ^ r> ij;r i!n*;i i lu' HLt'iiH ,iro provid'^'J. 



a! rii 1 a E / nijrripu c u rH M.i ^a^^ i no I : 3= - 



'5:fo"ihor r 



I ft 



t ^ ■> p lav I ho ^Mr 



10 r r o UH 



?n an HR }2 p ro^'ramniah 1 o oaloulacor 



' M 1.. i 



huv. h irca - a pri-urari lisrini^^ and a Hamplo t;anio aro 

k ^ 'ha ] i ¥ i ndi i\ J, t iio K I in ^on in Your C'ri 1 ru 1 aED r . C'a L on 1 a t o rB / 
':.):;ipiKor ^ Ma.:a;^in*- 29= ]1; danuar/ 197H. 

\ a I f ■ a 1 . 1 1 r p i ' ij; r a ri : ' i r i f n d i n .4 a K 1 i n ^' > n s p a 0 0 h i p i h i vu 11 . 

'< , h'fin J. =^!o:!irnt.n C^ ind Tooihor'H Mntt^^; and An^worb^. Ca 1 on 1 a E o rs_/ 
f;omDM i 'f s Ma£'a;un4' J: 7*-7*=i' Ftdsruarv ]07R, 



An.sWi^r^ Tor Wavri 



anuary 197S artii Lo aro i^iyon wIeI; ciomnicncs. 



LUJ 



UrCiviEV prt'Montod hv W.iv^lk in Jaiiuars' l^}78. 



>\.\ch Inu Di'r^ L ^n ^0 : h-* = n > ; Apr i ! J: i ^ 1 "-^ 7 H, 

ci.irHt, fohu F, tprade AnalyHLH vLth \ Pr'^KtMimnafj 1 1% v t i! I tn't roii i . 
CaI culAtor ._ Journal of ChL-mLcal IMucat Uni IVliruarv 
1^77. 

At!variCai4t';-j i^i iri).; a prpHr.iimnali 1 l' *m I l"U 1 aL"i)r in I'HinpuL i nj.', 
HCudtuiL £;rad«j?4 fi.',L;,, in i lu,uriny, weL^htud avt'rak;L*H and in llio 
LLriij.ir aJjuHCnont of raw HcorgH) are po tnteLi out, 

i-eC.^rs, WLllLai:! Hio IIP JS an a Digital CK-^ck and TlniL'T, Popular 

KU'-jr^r-M^l ./H 11' 17^^8; AimuHt 1977. 

ii,iw priKranj an iiP 33 t/ahailator Lo ^ervt' an a . I Oi-k/ L f in».^ r 

wltli liripl iv Ln haurs, nuiniCiJH^ and Hornndrf ih shown. 

Ht^uhi^tis, Arrh'ir. Trai^kin Down riquarioii Rooch Marhino noH:Li;n 
SO; I JO; A-u;iK^t 1(1. [978, -^™^^=-^^== =^ 

A pro 4 ram for an HP 3 5 caUHilaEcir i?^ t^Lven. 

Kowu , A, J, >taiMi i ntj-Mark 1 of MiiLt ipLa^-Choice TohChi A Si nip It' 
and L :^p^Jn^^ i vti Ryste'TTj ir>^ ini; a DeHk = top CalculaLnr, dinirnal 
^ lil B Lo loi^ a I K d u c a C L 11 n hi 11=16; Fu b r u a rv I 972 . 

Schaciei HtjrhurL C A Comparison of HtudtmC Chn mc C r i s t f ch Bctwuon 

Two AradotTiLr Ygarn, 1971 = 72 and 1974 = 75. I nn t i t u C i ona 1 RoBoaridi 
HBpori: 1^75, 1973, KRlCi ED 1 30 722, (11 pa^uB) 

S La i: tri E ica 1 compar ij^ons^ wtjre matle bcCwoun 21 t-ha rat- L o r lh t I rs i>f- 
-^tudentH cinrrjllocl at Crc^wder ColIe>^o C^^oo^^ho, MO) dnrinM two 
^■AU-'^i '■ y^-ar.:. A r:!u -srp! a r pr.;^rr=:; f.sr cIk' data wa:^writUin 
for a Hi^wl o c c=Pa fkarcl p ro^;"^amrnah 1 ti c^a 1 tai 1 /itt^ r . The program 
L:^ apptjnded. 

Tiny CffmpiitorHi Spof-d Huh IhoHS no<MHlons, fjol le>g€^ Storo Journal 
^4<'\, sor, 1 nf 2): 116=117; April/Mn7 Wf, ^^=^== = 

ThL' iiso ol p rok;raniinab 1 o i-a 1 t:u 1 a to rn in invoSCm(-nt nnnlyBiH^ 
prnduft Inn Rrhudul inn ^ invuntory control , aiul flgurLng compound 
InEtjresE ratuB l'^ dLHtniMHt'tU 

Twudd<ite, K, Brn. o. DlffLcult Budgecary PociBionBi A [)eHk=cop 
ri, "1 1 r 1 1 1 a t o r Mrj cle 1 Co F-"a t : i 1 L t a t o K cut I ve De cL^ Lo . 1 9 76 . 
KRtC: I-:d 126 H46, (16 pa^u^w) 



: ' r ! ■ i -i : : : ■ 1 ■ : 'i: ! ; ' 'r • ■ i : . 
r ; ■ 111.- K : ^■au.it ; i 



; . •; r li ! 

1 i -.i : Ti^^i , J' r. • ... r.i;:h:i i 11 .Mp t ;i i 1 i ' ;■ , .i:u! ^l\\rr i.irt.'r-^ : o a wui^' 

qut'SLi "Al what Itjvul i^i t.:o::uM ok l f: v cI.vh a p ro r,i:nn:,ih 

iit-^i t't r =•.' i. k ir.i HP J-1 .irr ck-ricrUHHl. 

:t. -do Is ir«.: a^rfcrihed. Feat'iron of bmineSH or f iiuniL^la I 0. 11.^1= 
l ie ; irij menE lontHl , 

Ar^*- , A-hri, Tli'^:^ij Ao ck-Sav in.; , P rt*h U-in-So 1 v Ln^^ P ^o^;r.lm!Tlab 1 iJ' 

I :.iU=u 1 it , iJi^'JiJ^lL JAbl!AlLlb^ ^l-): oA , nb, 70: February IM";. 

"Hi rt^^ >; roups of pro^r.immah 1 o t^aloulaEorH r\rc ulr'; - 1 f iod : kuv 
pro4 ranimaf'i I e wlrh volacilij mernory, r,\rd p rograruiuib 1 l* , and kt';. 
pro^rammab ! p wltii nonvi^ lar i 1 o monory. Flovon oa 1 ru I .1 1 o th art> 
ijoinparcii on Eh^ f lowLn., ft^uuro^^: proi>r;am HtopH, bran^iiLnt;, 
iAdr%':^sah 1 o niomnrfar^, 1o=^[r^ :SEark ru)^iB(:or^ (rcvov^c Polisli 
n-'t.irL'n), pa rL^ii l :p ^s lh IovuIh, pond.inw^ opsjracLtinH (a I i;!jb ra t 
. ^p'.- r 1 1 i n ^vAioiw) ^ and prioo. 

Doc ebo Lmo r , n.A)ra. Moru PoWlT to cho Ca I l^u I a ro r . AdminlHErat 1 yo 
'^^U^ib^''^"'^^ 5^): U^-;^* : July 1978. - 

iV r inini/iA ! Ml Milators, inrlndinv; band-bt'lfi aH wol 1 an doHk-top 
nodi: 1 , 1 r*-' ! ■ r Lbo ri , Two tifiarts art' tucludeci^ pluH f i vo 
[ndnatr;/ Lron.l-\, 

Karp, Sttjwarc. CahMilacors lor cho ChomiHE. J^ uirna l. n f Ctu'- ml cal 

AA; i;A.- 1A\: ;;^-^nA; :u! y 1971. ^ " ' ^ 

In Ehf' firnt of rwcj arEu-LoH, (oUrulatorH of interesE eo the 
iiorriisE a ro ^urvovgcl and ElioLr i-apah i 1 L 1 1 oh dlscug^od. 
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u^ii 1 r , .in J for ,i 



S L^;n i f i t^in t I)?,' Vl' h-^pnKMits In thy [Vit> oj^ 
>l M.U li^^nhi r L rr? : A Sour, t'li-^^^k !"or Ailini n i I r.iLo r? 



' it I . I i rrjs^ L ''w . ' : 



'1 pr i.^r u"::'.iP I - i 



.nO-J^! ; April 
.iLi'f (with i ■'(! MH)A pruitfr) and 



r- i^; r. i;n::M!5 1 La I 1 ;U * ^ r> 
U April ni/S. 



ra I ru 1 a torrf/ 



'r tlu' cM5npijr,'r s^-r rercain iist^? 



